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Abstract 
Flavonoids are a large group of low molecular weight polyphenolic 
compounds that occur ubiquitously in plants. They are one important class of dietary 
antioxidant as many flavonoids are found to have antioxidant activities. Many studies 
found that flavonoids also possess antiallergenic, anti-inflammatory, antiviral and 
antimautagenic activities. They are believed to be beneficial to the human health. 
In this research, the major flavonoids antioxidants in a pigmented cultivar 
of Vigna sinensis (Hak-mei-tau) seeds were identified by high-performance liquid 
chromatography. Fifteen identified seed flavonoids include daidzin, glycitin, genistin, 
hyperoside, isoquercitrin, apigenin-7-0-冷-D-glucoside, ononion, glycietin, sissotrin, 
daidzein, quercetin, formononetin, apigenin, kaempferol and prunetin. The acidic 
methanolic extraction was found to be effective flavonoids extraction method. The 
results showed that the antioxidant activity of acidic Vigna sinensis seed extract was 
relatively stable. 
The antioxidant activities and the free radical scavenging abilities of the V. 
sinensis seed extract and the identified seed flavonoids were assayed using 
P-carotene bleaching method and DPPH radical scavenging method. Both tests 
showed that four identified flavonoids i.e., hyperoside, isoquercitrin, quercetrin and 
formononetin have significant antioxidant and free radical scavenging activities. 
Moreover, the protective effects of the V. sinensis seed extract and the identified seed 
flavonoids on hydrogen peroxide mediated D N A damage were assessed by using the 
single cell gel electrophoresis method (Comet Assay). The results showed that the 
seed extract and the identified flavonoids (except genistin, glycietin and daidzein) 
have significantly protection on the hydrogen peroxide mediated D N A damage in the 
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Introduction 
Chapter 1 Introduction 
Free radicals and reactive oxygen species are produced in living cells 
during the normal metabolic process. The mechanism of the free radical reaction was 
found to be associated with the pathology of some human chronic diseases such as 
cancer and atheroclerosis (Anserson & Phillips, 1999). Antioxidants can protect the 
human body from the free radicals and reactive oxygen species attack by various 
mechanisms, such as scavenging oxidizing radicals, chelating metal ion or inhibiting-
lipid peroxidation. In our diet, the main antioxidants are vitamin C, vitamin E, 
carotenoids and polyphenolic compounds (Diplock et al., 1998). 
Flavonoids are one important class of dietary antioxidant as many 
flavonoids are found to have antioxidant activities. They are a large group of low 
molecular weight polyphenolic compounds that occur widely in the fruits and 
vegetables (Peterson & Dwyer, 1998; Wang et al., 2000.). Many researches are 
focusing on flavonoids as they are considered to be beneficial to the human health 
because of its wide range of biochemical activities, antioxidant, anti-carcinogenic, 
antiviral, anti-allergic, anti-inflammatory and oestrogenic activities. Increasing 
evidences support that flavonoids are useful in the prevention and the cure of many 
human chronic diseases such as coronary heart diseases (Hertog et al.’ 1993; Vinson 
et al., 1995a), cancer (Harbome, 1999) and allergy (Cody et al., 1986). 
Some synthetic antioxidants such as butylated hydroxyanisole (BHA) and 
butylated hydroxytoluene (BHT) have been commonly used in the food industry to 
prevent lipid peroxidation in the food products. Recent studies suggested that 
synthetic antioxidants are carcinogenic (Branen, 1975; Ito et al” 1983). Therefore, 
the publics are increasing the concern over their safety and their replacement by 
natural antioxidants such as flavonoids and other plant phenolics (Halliwell et a l , 
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1995). Flavonoids may substitute the synthetic antioxidants in the food industry 
because flavonoids are naturally occurring and non-toxic at the usual levels of intake 
(Yoshida et a l , 1999). 
1.1 Free radicals, oxidative stress and antioxidants 
1.1.1 Free radicals and reactive oxygen species (ROS) 
The issue of free radicals, reactive oxygen species (ROS) and antioxidants 
has been widely discussed in the clinical and nutritional literatures. Recently, the 
general public are also interested in this topic, as the mechanism of the free radical 
and the R O S reaction has been associated with the pathology of several human 
diseases including cancer, atherosclerosis, malaria and neurodegeneractive diseases 
(Anserson & Pttillips，1999). 
A free radical is any atomic/molecular species capable of independent 
existence that contains one or more unpaired electrons. An unpaired electron 
occupies an atomic molecular orbital by itself (Halliwell & Gutteridge, 1989a, b, 
-一 - ”1994：. Halliwell et a/.,1995). The unpaired electron in a free radical makes the 
， - . … . - — / ..一—.... ... ... •• 
— - — - - — — . . . . 
species become highly reactive. ROS are the oxidants with a tendency to donate 
oxygen to other substances. The publics are highly focused on the 
oxygen-containing radicals.. Oxygen-containing radicals are the radicals in which the 
unpaired electron is located on oxygen such as superoxide (O2*'), hydroxyl radicals 
(OH*) and nitric oxide radical (NO*). The terms ROS and oxygen-derived species 
include both oxygen-containing radicals and nonradical oxygen-containing reactive 
agents such as hydrogen peroxide (H2O2), singlet oxygen (^ 62), and hypochlorous 
acid (HOCl) (Halliwell et a i , 1992, 1995). 
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Free radicals and ROS are continuously produced from both in vivo and 
surrounding environment in the living systems (Palmer & Paulson，1997; Aruoma, 
1998). They are formed as unwanted by-products of respiration or as intermediates in 
the synthesis of more complex biochemical structures. The main external sources of 
radicals and R O S are cigarette smoke, environmental pollutants, radiation, ultraviolet 
light, chemicals and ozone. The internally generated sources are very broad such as 
mitochondria, phagocytes, xanthine oxidase, reactions involving iron and other 
transition metals and inflammation (Langseth, 1995). 
1.1.2 Oxidative stress and human diseases 
The human body has several mechanisms for defense against free radicals 
and other reactive oxygen species. The production of R O S and antioxidant defenses 
are approximately balance in vivo (Halliwell, 1996). Two major lines of defense are 
enzymes and antioxidants. If exposure to exogenous sources of oxidants is high, the 
body's antioxidant defense may be unable to cope. The result is a condition called 
" oxidative stress a n imbalance between pro^oxidant factors and antioxidant defenses. 
， — 
An increase either in the production of oxidants or in a deficiency in the defense 
-system could disturb this balance, causing oxidative stress (Langseth, 1995). 
Oxidative stress can be imposed in several ways. Thus, severe malnutrition can 
deprive humans of the minerals and vitamins needed for antioxidant defense. 
However, the stress more usually is due to the production of excess ROS (Halliwell 
et aL, 1995). 
Most aerobes can tolerate mild oxidative stress by up-regulating synthesis 
of antioxidant defense system in an attempt to restore the balance (Halliwell et aL, 
1995). Mild oxidative stress can render cells more resistant to the damage caused by 
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ROS. However, serve oxidative stress can cause cell damage and death. Mechanisms 
o f injury include excessive rises in intracellular "free" Ca^ "", disruption of energy 
metabolism, and damage to DNA, proteins, carbohydrates, and lipid (Halliwell et a i , 
1995). Some of the types of damage can result from the actions of free radicals. 
Several of these effects have been implicated in the causation of degenerative 
diseases. For example, destructive effects on proteins may play a role in the 
causation of cataracts, effects on D N A are involved in cancer causation, and effects 
on lipids apparently contribute to the causation of atherosclerosis (Langseth, 1995).-
Damaged tissues undergo more free radicals reactions than healthy ones 
(Halliwell, 1996). In most human diseases, oxidative stress is a secondary 
phenomenon, not the primary cause of the diseases (Gutteridge, 1993). This does not 
mean that oxidative stress is unimportant: For example, secondary oxidative damage 
to lipids in blood vessel walls is a significant contributor to the development of 
atherosclerosis; and low dietary vitamin E intake is a risk factor. Dietary vitamin E 
requirement is probably raised if the percentage of polyunsaturated fatty acids in the 
diet is increased, a phenomenon well known in animals but not yet fully explored in 
• 一- “ h u m a n s (Halliwell, 1 9 9 6 ; Holvoet & . C ^ b j^ROS probably 
— 
contributes to the age-related development of cancer (Totter, 1980; Ames et al., 
1993.). Oxidative stress contributes to tissue damage in rheumatoid arthritis 
(Halliwell & Gutteridge，. 1989a), inflammatory bowel diseases (Halliwell & 
Gutteridge, 1989a), and Parkinson's disease (Jenner, 1994). As oxidative stress is the 
secondary phenomenon in most human diseases, dietary antioxidants are increasing 
the importance in diminishing the cumulative effects of oxidative damage over the 
long human lifespan (Thomas, 1995; Halliwell, 1996). 
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1.1.3 Dietary antioxidants 
Antioxidants are important in preventing free radical damages. Generally, 
they can be classified into five types according to their function. Table 1.1 shows the 
classification of the five types antioxidants (Kochhar & Rossell，1990; Rajalakshmi 
et al, 1996; Scott，1997). 
Major food sources of dietary antioxidants are fruits and vegetables (Suh et 
al., 1999). Also tea, red wine, grains and legume seeds are good sources of dietary 
antioxidants (Tsuda et al., 1993; Frankel et al., 1998.) High intake of vegetables aiid 
fruits has been proved to be effective in preventing coronary heart disease and cancer 
(Steinmetz & Potter, 1996; Howard & Kritchevsky, 1999; Messina, 2000; Visioli et 
al” 2000.) Moreover, intake of tea, red wine and legume seeds can inhibit low 
density lipoprotein oxidation and prevent coronary heart disease (Frankel et al., 1993; 
Heinonen et aL, 1998; Visioli et al., 2000) 
Since dietary antioxidants can help to reduce the risk of getting the human 
diseases that result from the free radical damages, it also has significant role in food 
industry (Thomas, 1995; Youdi, et a l , 2000). Peroxidation of lipids can lead to the 
~ ” development of unpleasant "rancid", or "off ' flavors as well as potentially toxic end 
r J _ _.…..— 
products (Finlay & Otterbum, 1993; Kubow, 1993; Halliwell et al., 1995). 
Antioxidants are commonly added to the food products to prevent food deterioration. 
1.1.4 Synthetic antioxidants 
Synthetic antioxidants are added to the food products to reduce the rate of 
lipid peroxidation and preserve the food products. Butylated hydroxyanisole (BHA), 
butylated hydroxyluene (BHT) and propyl gallate (PG) are some well-known 
synthetic antioxidants commonly used in the food products and cosmetic products 
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(Hudson, 1990). However, B H A and BHT are found to be carcinogenic and are not 
recommended to use in the food products. This arouses the public's concern on the 
safety of synthetic antioxidants (Ito et al., 1983) and the finding of natural 
antioxidants, which are generally regarded as safe. Many scientists are interested in 
identifying natural antioxidants in plants. For example, flavonoid in plants is a kind 
of polyphenolic compound that having antioxidant activity (Hollman et al., 1996; 





Table 1.1 Classification of antioxidants. (Kochhar & Rossell，1990; Rajalakshmi et 
al, 1996; Scott, 1997; Chan, 2000) 
Antioxidants Mechanisms Examples 
Primary antioxidants Interrupt the free radical chain BHA, BHT, tertiary 
reaction by donating electrons butyl hydroquinone, 
or hydrogen to the free tocopherols 
radicals 
Secondary antioxidants Inhibit the formation of free Dilaury 
radicals form their unstable thiopropionate, 
, precursors, e.g. hydroperoxide thiodipropionic acid 
Enzymatic antioxidants Remove the dissolved oxygen Superoxide dismutase, 
or oxygen species glucose oxidase, 
catalase, 
Chelating agents Chelate the metallic ions EDTA, citric acid, 
_ which promote lipid oxidation phytic acid, lecithin 




1.2 Flavonoids — polyphenolic compounds in plants 
1.2.1 Sources and biosynthesis of flavonoids 
Flavonoids are a large group of low molecular weight polyphenolic 
compounds that occur ubiquitously in plants. Over 4000 different flavonoids have 
been described and the list is still growing (Hollman et aL, 1996). Structurally, 
flavonoids are usually characterized by a common basic structure, C6-C3-C6 
diphenylpropanes fifteen-carbon skeleton. The skeleton consists of two aromatic 
rings linked through three carbons that usually from an oxygenated heterocycle 
(Vinson, 1998) (Figure 1.1). The flavonoids have been widely used as therapeutic 
agents and they are known as strong O2•‘ scavenger, singlet oxygen (IO2) quenchers 
and metal chelators (Vinson et aL, 1995a). Flavonoids also exhibit antioxidant 
activity by chelating the iron or inhibiting the enzyme activity (Swain, 1962; Morel 
et al,, 1993; Kandaswami & Middleton, 1995; Van Acker et aL, 1996; Rice-Evans et 
al.’ 1997; Bohm, 1998.) 
2, 
8 。 B I 
I A C I 2 5’ 
5 4 
Figure. 1.1 Basic chemical structure of flavonoid. 
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The biosynthesis of flavonoids in plants starts with phenylalanine and 
proceeds through trans-cirmdmic acid and /7-cumaric acid (Havsteen, 1983). The 
reaction steps leading to the flavonoids precursors and to the various flavonoid 
classes with a simple 4，-hydroxylation pattern in ring B are outlines in Figure 1.2 
(Heller & Forkmann，1993). Most of the living plant tissues can synthesis flavonoids. 
They are present in two forms, i.e. glycosides (with sugar moieties) and aglycones 
(without sugar moieties). In general, leaves, flowers and fruits of. the plants contain 
glycosides. Woody tissues contain aglycones and seeds may contain either (Vinson et 
al., 1995b). Besides bounding with sugar, few flavonoids conjugate with inorganic 
sulphate or organic acid. The range of new glycosides encountered continually 
expands. An increasing number of flavonoids carrying sugars on B-ring hydroxyls 
have been reported. 
” " • " ‘ . , • - - .• • - - —. 
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Figure. 1.2 Scheme illustrating the pathways to phenylalanine and 
acetyl-CoA, and the following reaction steps leading to the major flavonoid 
classes (Heller & Forkmann，1993). 
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1.2.2 Classification and dietary occurrence of flavonoids 
Flavonoids are phytochemicals occur ubiquitously in plants. According to 
their chemical structures, flavonoids are classified into six classes: flavanones， 
flavones, flavonols, isoflavonoids, anthocyanins and flavans. This classification is 
based on the different degree of modification around the heterocyclic oxygen ring. 
The basic chemical structures of these classes are shown in Figure 1.3 (Harbome, 
1975; Vinson et al” 1995a,b; Peterson & Dwyer，1998). 
Flavanones 
Flavanones have saturation at the position 2 of the oxygen containing 
heterocyclic ring "C" (Figure 1.3). The major sources of flavanones are citrus fruits 
and juices. Although many foods contain flavones and flavonols, chickpeas, cumin, 
hawthorn berry, licorice, peppermint, rowanberry, and citrus fruits are among the few 
that contain flavanones. Hesperidin can be found in cumin and peppermint. Narirutin 
and naringenin glycosides can be found in hawthorn berry and rowanberry. The 
flavanone liquoritigenin is found in liquorice roots. Flavanones contribute to the 
.• flavor of citrus. Naringin found in grapefruit a r e u s u a l l y bitter. Hesperidin found in 
oranges is usually tasteless (Peterson & Dwyer，1998). 
Flavones 
Flavones have an unsaturation at the position 2 of the oxygen containing 
heterocyclic ring "C" (Figure 1.3). Flavones are not frequently found in fruit but are 
found in grains and herbs. Common flavones are apigenin and luteolin. Parsley 
contains apigenin and chrysoeriol. Other herbs such as rosemary and thyme contain 
flavones. Apigenin and its glycosides are commonly found in cereal grains, some 
herbs and some vegetables. Luteolin is primarily found in cereals and herbs. In 
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vegetables and the leaves of vegetables, glycosides of luteolin and apigenin are 
present (Peterson & Dwyer，1998). Flavones can contribute to plant tissue color, if 
they occur in high concentrat ions or are complexed with metal ions. Flavones 
participate in taste. Neodiosmin reduces the bitterness oflimonin, naringin，caffeine, 
quinine and saccharin (Cody et al., 1986). 
Flavonols 
Flavonols have an additional hydroxyl group at the position 3 of the 
oxygen containing heterocyclic ring "C" (Figure 1.3). Flavonols can be easily found 
in fruits and vegetables. The best-known flavonols are quercetin and kaempferol. 
Quercetin is ubiquitous in fruits and vegetables. Hence, many research studies the 
activities of quercetin. Kaempferol is the most common among fruits and leafy 
vegetables. Flavonol also found in some berries, herbs, legumes and root vegetables. 
In fruits, flavonols and their glycosides are found predominantly in the skin (Cody et 
a l , 1986). 
Isoflavonoids -
Isoflavonoids connect the phenol ring "B" at the position 3 of the oxygen 
containing heterocyclic ring "C" (Figure 1.3). Isoflavonoids are best known for their 
estrogenic activity. There are isoflavanones, isoflavones and isoflavonols. The best 
known isoflavonoids are daidzein and genistein. Other known food isoflavonoids are 
biochanin A and formononetin. Isoflavonoids are found predominantly in legumes. 
Soybeans are the major source of daidzein and genisten. They also can be found in 




Anthocyanins have a positive oxygen molecule at position 1 of the oxygen 
containing heterocyclic ring "C" (Figure 1.3). Anthocyanins produce the blue and red 
coloration of berry fruits, cherries and plums, eggplant, red cabbage and radishes. 
Anthocyanins may be complexed with flavones and metal ions such as iron and 
magnesium in flowers. Anthocyanin color is pH dependent. An anthocyanin is 
usually red at pH 3.5 becoming colorless and then shifting to blue as the pH 
increases. Fruit anthocyanin content usually increases as the fruit matures. Therefore, 
anthocyanins are commonly used as coloring agents for beverages and other food 
products (Peterson & Dwyer，1998). 
Flavans 
Flavans have the saturation at the position 2 and the extra hydroxyl group 
at position 3 of the oxygen containing heterocyclic ring C (Figure 1.3). Tea has large 
amounts of flavans. They can be found in apples, blackberries, black currants, 
cranberries, grapes, peaches and strawberries. In cereals, they are found in sorghum 
aiid barley grains ( C o d y era/., 1986), 
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Figure 1.3 Flavonoid subclasses. 
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1.2.3 Functions of flavonoids in plants 
Flavonoids are responsible for many secondary functions in the plants. 
Some flavonoids are intensely colored, e.g. the anthocyanins and provide a wide 
range of red to blue colours in flowers, fruits and leaves. Other, like the flavones，is 
essentially colourless and yet they provide the "whiteness" of white flowers and also 
act as copigments to the widespread anthocyanins (Harbome, 1999). 
Besides their contribution to plant colour, flavonoids have a variety of 
other roles in the growth and development of plants. For example, flavonoids serve 
as antioxidants to reduce the oxidation of ascorbic acid, a universal component of 
plant cells, by chelating metals from the reaction mixture (Harbome, 1975). Both 
quercetin and myricetin attributed the antioxidant effects to chelating of metallic ions 
and accepting free radicals (Rankin et al.’ 1993). The major function of flavonoids 
may be serving as antioxidants for lipids and polyacetylenes in plant tissues. 
Flavonoids also can act as U V protectants to provide protection from the potential 
damage of U V radiation. Plants can use them to protect against oxidative damage by 
inhibiting or quenching free radicals and reactive oxygen species caused by sunlight 
„ (Larson； 1988). As flavonoids are fbmid in the thylakoid membrane, they probably 
• 
participate in the light phase of photosynthesis as catalysts of the electron transport 
and/or as regulators of ion channels involved in photophosphorylation. The known 
interactions of flavonoids with proton and (Na+-K+) ATPase pumps in animal cells 
also suggest that flavonoids participate in such processes (Havsteen, 1983). It was 
shown that increase in the U V radiation increase the synthesis of flavones and 
flavonols (Harbome, 1975). 
Flavonoids also play a defensive role in plants against insects and other 
harmful organisms as they posses antifungal and antibacterial activities (Buffard et 
al, 1996). Flavanones posses antifungal defense and isoflavonoids can antibacterial 
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infection. For example, in legumes, infection by bacteria will lead to the increase in 
the synthesis of isoflavones, phytoalexins. In healthy plants, flavonoids, are absent or 
present in low amounts. But it will accumulate in high concentrations in or around 
cells damaged by many different stimuli, particularly infection by pathogenic fungi 
and bacteria (Harbome, 1975; Norberto et aL, 1999). 
Flavones of legume roots have an essential signaling role in the process of 
infection by Rhizobium bacteria. They act as the signaling molecules to activate the 
nodulation gene of the bacteria. And hence to take part in the establishment of 
nitrogen fixation in the plants (Havsteen, 1983). 
1.2.4 Effects of flavonoids in mammals 
The high chemical reactivity of flavonoids is expressed in their binding 
affinity to biological polymers and heavy metal ions as well as in their ability to 
catalyse electron transport and to scavenge free radicals (Havsteen, 1983). Numerous 
reports that flavonoids can efficiently bind with enzymes and hormone carriers. For 
…：.example, -hydrolases, alkaline phosphatase, lyases, transferase, hydroxylases, 
^ -— ---.. .--. 
oxidoreductases, ATPases and lipases (Swain, 1976). These enzymes apparently 
interact with different parts of the flavonoid molecule such as phenyl ring, 
carbohydrate, benzopyrone ring. 
The estrogenic effect of flavonoids is noticed. The similar configurations 
and chemical properties between the estradiol and the isoflavonoids suggest that 
flavonoids after binding to the cytosolic estrogen receptor can depress the same gene 
as true estrogens (Hargreaves et al, 1999). 
Flavonoids are easily oxidized (Swain, 1962). This process is accompanied 
by opening of the y-pyrone ring (Swain, 1976). The high propensity of flavonoids for 
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electron transfer may explain their interference with the action of oxidoreductases, 
e . g . aldose reductase and poline hydroxylase. Besides, such properties would be 
expected from strong scavengers of free radicals. However, flavonoids may also be 
able to suppress the formation of free radicals by binding of heavy metal ions that are 
known to catalyze many processes leading to the appearance of free radicals 
(Havsteen, 1983; Vinson, 1998.). 
1.2.5 Therapeutic applications of flavonoids 
Flavonoids occur widely in the fruits and vegetables that make up the 
human diet and it has been estimated that at least one gram of flavonoids is taken in 
daily (Harbome, 1999). Flavonoids are considered to be beneficial to the human 
health because of its wide range of biochemical activities. Those activities are found 
to be useful in the prevention and cure of many chronic diseases (Colombo & 
Bosisio, 1996; Pool-Zobel et a l , 1997; Rice-Evans & Packer, 1997.). The capability 
to interact with protein phosphorylation and the antioxidant, iron chelating and 
- free-radical scavenging activity may account for the wide phannacological profile of 
flavonoids (Morel et al., 1993; van Acker et a l , 1996). Flavonoids are also major 
components of many plant drugs such as ginkgo leaves and it is possible that they 
contribute to the curative properties (Harbome, 1999). A multitude of m vitro studies 
has shown that flavonoids can inhibit, and sometimes induce, a large variety of 
mammalian enzyme systems (Middleton & Kandaswami，1994; Hollman et al” 
1996). Some of these enzymes are involved in important pathways that regulate cell 
division and proliferation, platelet aggregation, detoxification and inflammatory 
immune response. Hence, flavonoids can show effects in cell systems and animals on 




The biochemical explanations of the therapeutic effects in some cases are 
listed in Table 1.2. 
Table 1.2 Diseases treated with flavonoids (Havsteen, 1983) 
Disease Target Flavonoids Result proven 
Inflammation Prostaglandin Quercetin etc. Local pain relieved; body 
synthesis temp normalized 
Diabetes mellitus Aldose reductase Quercetin etc. Pressure in eye reduced . 
Capillary wall Rutin/citrin Bleeding ceased 
Allergy H+-ATPase of mast Disodium Secretion of histamine 
cell chromoglycate etc. prevented 
Headache Prostaglandin Quercetin etc. Pain relief 
synthesis 
Cancer ，(Na+-K+)ATPase Quercetin etc. Cells normalized (only 
tissue culture tested) 
Virus infection H+-ATPase of Quercetin etc. Coat removal prevented 
lysosome membrane 
Common cold H+-ATPase of Quercetin etc. No scientific evidence 
lysosome membrane 
• . “ ... _ 
Chemical Aryl hydroxylase Quercetin etc. Only labdratdfy — … 
oncogenesis Epoxide hydrolase experiment 
Bee sting Prostaglandin Quercetin etc. Local pain relieve 
synthesis 
Oral surgery Prostaglandin Quercetin etc. Local pain relieve 
synthesis 
Stomach/ Prostaglandin Quercetin etc. Bleeding stops; pain 
duodenal ulcer synthesis relief 
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Coronary heart disease 
There is now considerable epidemiological evidence that dietary 
flavonoids are protective against heart disease (Hertog et aL, 1993; Vinson et al.’ 
1995a). Low-density lipoproteins, in the form of low-density lipoproteins (LDL) and 
very low-density lipoproteins (VLDL), are hypothesized to be involved in the 
pathogenesis of atherosclerosis after oxidation (Vinson et al., 1995b). Since LDL and 
VLDL are rendered atherogenic by oxidation in the wall of the artery, flavonoids 
reduce the oxidation of LDL and VLDL can be beneficial. Flavonoids have been 
shown to inhibit LDL oxidation by macrophages and cupric ions (Rankin et al., 
\ 
1993). Yoshida et al. (1999) found that tea flavonoids can attenuate the ability of the 
cell to oxidize LDL, probably by reducing superoxide production in cells and 
chelating iron ions. 
Many evidences support that a high dietary intake of flavonoids with a 
reduced incidence of coronary heart disease (Tijburg et al” 1997; Visioli et al” 2000). 
In the Dutch epidemiological study, dietary tea flavonoids intake was found to 
significantly reduce the deaths from heart disease (Hertog, et al., 1993). It showed 
that the intake of flavonols and flavones was inversely associated with coronary heart 
disease mortality. A reduction in mortality risk of more than 50% was found. These 
results suggest that dietary flavonoids have a beneficial epidemiological effect on 
coronary heart disease. 
Photo-oxidative skin damage 
Wavelengths in the U V region are believed to be largely responsible for the 
most damaging skin effects of sunlight; in fact U V light exposure of the skin gives 
rise to the formation of active oxygen intermediates and products of lipid 
peroxidation are elevated in chronically sun-exposed human skin (Mefferth et al., 
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1976； Fuchs & Packar, 1991; Bonina et al., 1996). Orally and tropically administered 
natural antioxidants, such as carotenoids and ferulic acid, provide protection against 
U V irradiation-induced erythema and cytotoxicity (Fuchs & Packar, 1991). U V 
radiation penetrates deeply into the skin (Tyrrell, 1991). Therefore, antioxidant drugs 
can afford to the skin a satisfactory photoprotection only if they are able to permeate 
through the stratum comeum, which is the main barrier against the penetration of 
exogenous substances through the skin, and so to reach deeper skin layers after 
topical application (Bonina et al., 1996). 
Bonina et al. (1996) proved flavonoids protect efficiently 
phosphatidylcholine vesicles within liposomal bilayers from UV-induced 
peroxidation. In fact, exposition of phosphatidylcholine liposomes to U V radiation 
for 1.5 hours elicited a large increase in malondialdehyde production. The addition of 
quercetin, hesperetin and naringenin reduced the amount of formed malondialdehyde. 
Moreover, they are able to permeate through the stratum comeum and to penetrate 
into deeper skin layers. These findings suggest that topically applied flavonoids 
could be excellent candidates for successful employment as protective agents in 
- certain skin diseases, caused,, initiates or exacerbated by sunlight irradiation (Bonina 
- — -……—• - - — ‘ 
et a l , 1996). Flavonoids are claimed to be free of toxicity and side effects and 
particularly harmless to the skin (Bonina et al., 1996; Jager et al., 1998). This would 
be an additional advantage in the possible employment of flavonoids as skin 




Flavonoids possess the anti-carcinogenic effects (Harbome, 1999). Many 
in vitro and in vivo studies show that flavonoids inhibit various stages in the cancer 
process (Wattenberg, 1992). Flavonoids inhibit the carcinogenic process by various 
mechanisms. For example, by detoxifying the carcinogens or by scavenging the free 
.radicals generated in the carcinogenic process (Vatsis et al., 1980; Havsteen, 1983; 
Weisburger, 1999). 
An important class of carcinogens, heterocyclic aromatic amines (HAAs), 
causes various types of cancer such as the colon, breast, prostate, pancreas and 
certain of the endocrine associated cancer (Felton & Gentile，1997). These chemicals 
are formed during the cooking of meats. Epidemiological data show that increase 
intake of vegetables and fruits of individuals who regular consuming cooking meats 
will have lower risk of getting cancer (Weisburger, 1999). This is because vegetables 
and fruits are rich in flavonoids that can induce the synthesis of aryl hydroxylase. 
Aryl hydroxylase is an enzyme needed for the detoxification of aromatic compounds 
(Vatsis et al” 1980; Havsteen, 1983). 
……… -；.- During the development and grp^h of many types of cancer there are 
" — - . . . 
distinct oxidation reactions that have been documented to play a key role during the 
carcinogenesis. These specific reactions involve the generation of active oxygen such 
as hydroxyl radicals and hydrogen peroxide that in turn control the cell duplication 
rates and may affect apoptotic reactions that would lead to elimination of abnormal 
cells (Weisburger, 1999). Flavonoids can scavenge the free radicals generated by the 
oxidation reactions and so stop the route to the carcinogenesis. During smoking, 
many free radicals are generated and result in the carcinogenesis. Oral cancer in 
patients who have been heavy smokers probably belongs to this type of 
carcinogenesis. It has been treated with flavonoids and success has been reported, but 
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the circumstances were not controlled (Havsteen, 1983). 
Hepatitis B 
Naturally occurring flavonoids have long been recognized to possess 
antiviral activity. Their antiviral properties were discovered when quercetin was 
found to have a prophylactic effect when administered in the diet to mice infected 
intra-cerebrally with attenuated rabies and other viruses (Cody et cd., 1986). 
Certain flavonoids, depending on specific structural features, possess both 
antiinfective and antireplicative activity against some D N A and R N A viruses (Cody 
et al.’ 1986). Flavonoids inhibit the activities of transcriptases and polymerases of the 
virus and so can inhibit the growth of the viruses. Interaction of flavonoids with virus 
polymerase or directly with virus nucleic has been reported. Flavon-3-ols have been 
shown to inhibit'reverse transcriptase and to reduce the incidence of Rous sarcoma 
virus-induces tumors by >75% (Fisher et al., 1975; Cody et al.’ 1986). Besides the 
inhibition of the growth of the virus, flavonoids also can stimulate the immune 
response to against the viral infection (Cody et al., 1986). 
Flavonoids, (+)-catechin,. are used in the treatment of the hepatitis B virus 
infected liver disease. Oral administration of the (+)-catechin of the patient having 
the hepatitis B virus infected liver disease can stimulate various immunological 
responses like T lymphocytes stimulation or antibody production (Cody et al.’ 1986). 
Acquired immunodeficiency syndrome (AIDS) 
Acquired immunodeficiency syndrome (AIDS) is a pandemic 
immunosuppressive disease, which results in life-threatening opportunistic infections 
and malignancies. Since a retrovirus designated human immunodeficiency virus 
(HIV), has been clearly identifies as the primary cause of this disease. In the in vitro 
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Studies, flavonoids are found to have inhibitory effects in the replication cycle of 
HIV (Yen & Chen，1995; Vlietinck et a l , 1998; Mantas, et al, 2000.). 
Flavonoids are also known as the anti-HIV plant-derived compounds as 
they can inhibit the replication cycle. Flavones and flavanones inhibit the activities of 
reverse transcriptases and polymerases of HIV and result in the inhibition of the HIV 
infection (Vlietinck et al.’ 1998). This finding is important for the development of 
antiviral drugs against viral infections caused by HIV. 
Allergy and Asthma 
Allergy or delayed hypersensitivity and asthma have been treated with 
disodium chromoglycate for a long time. Disodium chromoglycate is a bischrome 
(Cody et al., 1986). This compound possesses, like flavonoids, the benzopyrone 
nucleus. Therefore, it is no surprise that they also share similar biochemical 
properties. 
The release of histamine and other chemical mediators form mast cells is 
involved in the pathogens of allergic reactions and inflammatory responses (Cody et 
a l , 1986; Mates et a l , 2000.). Therefore, many researches studied on the inhibition 
of histamine secretion from mast cells by flavonoids (Middleton & Drzewiecki’ 1982; 
Amellal et al., 1985). During allergic condition, the mast cells secrete histamine and 
chemical mediators and take in protons at the same time. The action of flavonoids on 
the symptom-producing mast cells has been identified as an inhibition of the proton 
ATPase in the membranes enclosing the granula in these cells. Hence, histamine is 
trapped in their granula because of the law of conservation of electroneutrality 
requires that the export of positively charged substances is balanced by a 
corresponding import, in this case of protons (Havsteen, 1983; Kimata et al” 2000; 




Anti-inflammatory property is important to the pharmacological use of 
flavonoids. Inflammation is accompanied by the release of prostaglandins which by 
chemotaxis attract leucocytes to the point of invasion and create local pain. Then the 
prostaglandins will be transport in the blood to the brain. Then the body temperature 
will be raised by displacing the balance of the center of thermal regulation (Havsteen, 
1983). Studies found that flavonoids, quercetin, can be used in the treatment of 
inflammation (Cody et a l , 1986). Flavonoids block the synthesis of prostaglandins 
by inhibiting the activities of prostaglandin cyclooxygenase and lipoxidase. Hence, 
lead to the observed local pain relief and antipyretic effect (Havsteen, 1983). 
Inflamed joints are often treated with glucocorticoids to relieve pain. But 
the side effect of glucocorticoids is bleeding. Besides glucocorticoids, flavonoids 
may be an alternative choice because it is free of side effects and it can fortify the 
connective tissue. The mechanism may be a combination of the suppression of 
prostaglandin synthesis and the stimulation of proline hydroxylation of the collagen 
cross-linking (Havsteen, 1983). 
Headache 
Headache caused by an inflammation can be treated with flavonoids. The 
cause of headache is due to seize of smooth muscles by cramps through the action of 
prostaglandins and leucotrienes. Patients to relief pain commonly use aspirin. Aspirin, 
which like flavonoids, relieves pain by inhibition of prostaglandin cyclooxygenase. 
However, the common side effect is serious bleeding. Like aspirin, flavonoids relieve 




Isoflavonoids are best known for their estrogenic activity. They are known 
as phyto-oestrogens as they have similar structure to the oestrogens. Hence, they 
show high affinity to the estrogen receptors. They inhibit the growth of a wide range 
of both hormone dependent and independent cancer cells in vitro by influence the 
signal transduction pathways (Messina, 2000). 
Soybeans are the major source of isoflavones. The primary isoflavones in 
soybeans are genistein and daidzein. Isoflavone content about 1-4 mg/g. Average 
daily isoflavone intake in Asia is approximately 10-40 mg (Xu et a l , 1995; Messina, 
2000). Soya food may promote bone health is based on the weak oestrogenic 
properties of isoflavones and the similarity in structure between soybean isoflavones 
and the osteoporosis drug, ipriflavone, which is a synthetic isoflavone. In 
ovariectomised rodents, isolated isoflavones retard bone loss almost as effectively as 
oestrogens (Messina, 2000). Isoflavone-rich soy products favorably affect bone 
turnover and reduce bone loss at the lumbar spine. Animal and human data indicate 
isoflavones may both stimulate bone formation and inhibit bone resorption (Breslau 
et al., 1988; Messina, 2000). This indicates isoflavones may be useful in the 
prevention of osteoporosis. 
Menopausal symptoms 
Hot flush is one kind of menopausal symptoms. Surveys suggest that the 
incidence of hot flushes of women in high soy food intake is lower than the women 
in low soy food intake. There is speculation that the weak oestrogenic effects of 
isoflavones soy foods may contribute to this lower incidence (Messina, 2000). More 
than ten studies using either isolated isoflavones or isoflavone-rich soya protein have 
been conducted. The results suggest that the soya does have a modest effect (Messina, 
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1999). Soya needs to be consumed prior to the onset of menopause (Messina, 2000). 
1.2.6 Absorption and metabolism of flavonoids 
Absorption from the diet is a prerequisite for a causal relation between 
flavonoids and chronic diseases. In addition metabolism of flavonoids after 
absorption should not substantially inhibit their biochemical activities. The 
absorption and subsequent distribution, metabolism and excretion of flavonoids in 
humans have been little studied (Hollman & Katan，1999). Absorption of flavonoids 
form the diet was long considered to be negligible, as most of the flavonoids, except 
catechins, are present in plants bound to sugars as glycosides, and these were 
considered nonabsorable. No enzymes that split the P-glycosidic bonds are secreted 
into the gut or present in the intestinal wall (Griffiths, 1982; Hollman & Katan，1999). 
Hydrolysis only occurs in the coon by microorganisms, which at the same time 
degrade dietary flavonoids extensively (Hollman & Katan，1999). In a human study 
with ileostomy subjects, results indicated that human can absorb appreciable amounts 
of quercetin and that absorption of glycosides in the small intestine is possible 
(Hollman et al., 1995; Hollman & Katan, 1999). Thus, glycosides can be absorbed in 
human as such without prior hydrolysis by microorganisms. 
In the metabolism of the flavonoids, two compartments are important. The 
first is liver where biotransfromation enzymes act upon absorbed flavonoids and their 
absorbed colonic metabolites. The second metabolically active compartment is the 
colon, where microorganisms degrade unabsorbed flavonoids and flavonoids are 
absorbed and then secreted with bile (Hollman & Katan，1999). Flavonoids absorbed 
and the degradation products absorbed from the colon after bacterial action are 
subsequently metabolized by enzymes located mainly in the liver. The kidney and the 
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small intestine might also contain enzymes capable of biotransformation of 




1.3 Plant of interest 
Vigna sinensis is a common edible legume cultivated in Asia and Africa. It 
is one of the important vegetable crops in the world (Li et al” 1995). The appearance 
of the pigmented Vigna sinensis seeds (known as Hak-mei-tau) studied in this 
research is shown in Figure 1.4. Vigna sinensis seeds are two to twelve millimeter 
long, in a kidney shaped and have smooth black seed coats (Yip, 2000). In Hong 
Kong, the economic value of Vigna sinensis seeds is not high. They are used in soup 
recipes. 
^ i ^ I 
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V HtL. Figure 1.4 Vigna sinensis seeds. 
Legume seeds are common food sources for both human and animals as 
their nutritional value are high. They are high in vegetable protein, fiber, vitamins 
and minerals (Foo，1998). Therefore, legume seeds are believed to be a natural 
healthy food as they are natural plant crops that are safe to human. They are 
exceedingly low in lipid, except those in the oilseeds, and only contain unsaturated 
lipid. They are cholesterol-free; yet help manage blood cholesterol and glucose. 
Many researches have identified flavonoids in the plants with antioxidant activities 
(Simic, & Karel, 1979; Kandaswami & Middleton, 1995; Yen et al, 1997; Bohm, 
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1998). Legume seeds are rich in flavonoids (Heller & Forkmann, 1993; Messina, 
2000.). They are considered to be a good source of dietary antioxidants. 
A recent study (Chan, 2000.), twenty common edible legume seeds 
including Phaseolus, Lupius, Cicer, and Vigna. It showed that Vigna seeds have high 
antioxidant activity and their methanol extract, were efficient in reducing the 
hydrogen peroxide mediated D N A damage in mouse blood cells. 
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1.4 Method used to characterize flavonoid antioxidants in Vigna sinensis seeds 
As legume seeds are believed to be a good source of flavonoid antioxidants, 
the flavonoid in Vigna sinensis seeds are chosen to study in this research. High 
performance liquid chromatography (HPLC) is a rapid and reproducible in 
qualitative and quantitative analysis method (Pryde & Gilbert, 1979) and is 
employed in this study. 
The methodology has been used to identify and quantify flavonoids in 
fruits and vegetables ( Wildanger & Herrmann, 1973; Woeldecke & Herrmann，1974; 
Hertog et al, 1992; Guo & Prior, 1997). The reversed-phase high performance liquid 
chromatography (RP-HPLC) is a common method used in the isolation of low 
molecular weight compounds such as flavonoids in vegetables and fruits (Wildanger 
& Herrmann, 1973; Woeldecke & Herrmann, 1974; Hertog et a l , 1992). The 
separation of the compounds is based on the column and the solvents used in the 
HPLC system. In the RP-HPLC system, the polar compounds in the sample will 
tightly bond with the matrix in the column. Hence the non-polar compounds will be 
eluting first. The separation is mainly due to the polarity of the compounds 
(Hamilton & Sewell，1979; Niessen & van der Greef，1992.). The most commonly 
used solvent system is gradient solvent system in which more than one kind of 
solvent is used. In the gradient solvent system, a high proportion of polar solvent will 
be applied at the beginning, then gradually decrease the proportion of the polar 
solvent. Usually, the polar solvent will be water based and the less polar solvent will 
be methanol or acetonitrile based. 
Besides using HPLC in separation of compounds, HPLC can be used in a 
combination with other assays. For example, HPLC coupled with colorimetric array 
detection of electroacitve components in fruits and vegetables to investigate the 
relationship to the oxygen radical absorbance capacity (Guo et al., 1997). 
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1.5 Methods used to evaluate antioxidant activity 
Different antioxidants have their own working mechanisms. Therefore 
more than one assay method is needed to use in the evaluation of their antioxidant 
activity. In this research, two different in vitro assay methods were employed to 
measure the antioxidant activity of the identified flavonoids in the V. sinensis seed 
extracts. These two in vitro assay methods are p-carotene bleaching method and 
a,a-diphenyl-P-picrylhydrazyl (DPPH) radical scavenging method. 
1.5.1 P-carotene bleaching method 
p-carotene bleaching method was chose to measure the antioxidant activity 
because of this method is carried out in an hydrophobic environment. Most studies 
use this method to screen the antioxidants activity in food sources. For example, 
antioxidant activity of flavonoids in fresh pepper (Lee et al” 1995), antioxidant 
activity of rooibos tea (Gadow et a l , 1997a, b & c)，and antioxidant activity of fruits, 
vegetables, and grain products (Velioglu et aL, 1998). 
In the p-carotene bleaching method, p-carotene is heated with linoleic acid. 
The coupled oxidation of p-carotene and linoleic acid occurs in an emulsified 
aqueous system in the presence of oxygen. This result in the decolorization of 
p-carotene and hence the decrease of the absorbance. However, the lipid oxidation 
can be terminated with the addition of an antioxidant. Therefore, the stronger the 
antioxidant shows greater the inhibition of P-carotene bleaching. 
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1.5.2 a,a-diphenyl-P-picrylhydrazyI (DPPH) radical scavenging method 
a,a-diphenyl-P-picrylhydrazyl (DPPH) radical scavenging method is a 
rapid and simple method to evaluate the antioxidant activity of specific compounds 
or extracts (Marsden, 1958; Brand-Willams et al.，1995). It has been used to 
determine the activity of the radical scavengers present in the food sources (Hogg et 
a l , 1961). For example, the free radical scavenging ability of onion (Suh et al,’ 1999) 
and peanut (Yen & Duh，1994). 
DPPH radical is a stable radical that can accept hydrogen to form a stable 
diamagnetic molecule irreversibly. Antioxidant (AH) acts as a DPPH radical 
scavenger, which donates hydrogen to the DPPH radical and takes up the free radical. 
Because of the odd electron of the DPPH radical, the DPPH radical shows a strong 
absorption band at 515mn in visible spectroscopy and appears as a deep purple color. 
When the DPPH radical bond with the hydrogen donated by the antioxidant, the 
absorption vanished (McGowan et al,, 1959; Fauconneau et al.’ 1997). The reduction 
of DPPH radical indicated the presence of free radical scavenger. The stronger free 
radical scavenging ability of the antioxidant in the reaction mixture, the faster and 
-greater the decrease in the absorbance (Bondet et a l , 1997). 
DPPH* + A H 今 DPPH-H + A« 
1.5.3 Single cell gel electrophoresis assay (Comet assay) 
Single cell gel electrophoresis (SCGE) assay are know as the Comet assay, 
is a microelectrophoretic technique for measuring D N A breakage in individual cell 
level and specifically for detecting oxidative D N A strand breaks (McKelvey-Martin, 
et al., 1993; Fairbaim et a l , 1995; Singh et al., 1998). This rapid and sensitive 
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method has been applied in various areas, one of which is the investigation of the 
protective effect of antioxidants on D N A damage (Duthie et aL, 1997a，b; Anderson 
et al., 1998; Norrozi, et aL, 1998). 
In the Comet assay, a small number of irradiated cells suspended in a thin 
agarose gel on a microscope slide were lysed, electrophoresed, and stained with a 
fluorescent D N A blinding dye. The electric current pulled the charged D N A from the 
nucleus such that relaxed and broken D N A fragments migrated further. The resulting 
images, which were subsequently named for their appearance as “comets，’，were 
measured to determine the extent of D N A damage (Fairbaim et al., 1995). Different 
agents can be used to induce D N A damage in the assay; the most commonly used 
agents are hydrogen peroxide and radiation (Dizdaroglu et a l , 1991; Fairbaim et al., 
1995; Panayiotidis, et al., 1999). 
Many different parameters can be used to measure D N A damage. Among 
those parameters, tail length and tail moment are the most common. Longer tail 
length indicates a greater extent of D N A damage. However, tail length only reflects 
the degree of D N A damage in a lesser extent, since further damage can increase only 
“the D N A content in the comet tail but not the tail length. Under this situation, tail 
moment would be a more suitable parameter to determine D N A damage. Tail 
moment is the product of percentage of total D N A in the tail distribution and the 
displacement of the centers of mass of the head and tail (Thoams et al., 1998). 
Comet assay is a sensitive and simple assay allows direct visualization of 
D N A damage in individual cells. However, many factors in which may influence the 
D N A migration during the electrophoresis. For examples, pH, treatment temperature, 
treatment length of the lysis and the electrophoresis process as well as many others 
factors (Klaude et al., 1966; Oliver et al., 1992; Tice et al., 1995). 
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1.6 Research objectives 
The objectives of this research are: 
1. To identify the flavonoid antioxidants in the Vigna sinensis seeds using high 
performance liquid chromatography. 
2. To assess the antioxidant activities of the flavonoid antioxidants identified in the 
Vigna sinensis seed extracts using p-carotene bleaching method and DPPH 
radical scavenging method. 
3. To evaluate the protective effect of the Vigna sinensis seed extracts and the 
individual flavonoid antioxidants identified in the Vigna sinensis seed extracts 
on the hydrogen peroxide mediated D N A damage using the single cell gel 
electrophoresis method. 
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Chapter 2 Materials and Methods 
2.1 Plant materials and chemicals 
The pigmented Vigna sinensis seeds, which are known as Hak-mei-tau, 
were the plant materials selected to study. They are obtained from local suppliers in 
Hong Kong. The appearance of these seeds is shown in Figure 1.3. 
Flavonoid standards including daidzin, glycitin, genistin, hyperoside, 
isoquercetrin, apigenin-7-O-D-glucoside, ononion, glycitein, sissotrin, daidzein, 
quercetin, formononetin, apigenin, kaempferol and prunetin were purchased from 
Inodfine Chemical Co.. d- a -Tocopherol (Type VI)，L-ascorbic acid, BHA, BHT, 
caffeic acid, chlorogenic acid, linoleic acid (99%),召-carotene (Type II，HPLC 
grade), Tween 40, a,a-diphenyl-p-picrylhydrazyl (DPPH) radical, agarose (Type VII， 
low melting point), sarkosyl, Triton X-100, 8-hydrozyquinoline, Tris base, potassium 
chloride, potassium dihydrogen orthophosphate, disodium hydrogen phosphate, 
sodium hydroxide, heparin (176usp/ml), dimethylsulfoxide (DMSO), disodium 
ethylenediamine-tetraacetic acid (EDTA) and ethidium bromine were obtained from 
“Sigma Chemical Co.. Agarose (Ultra pure, normal melting point), acridine orange 
and hydrogen peroxide (30%, w/v) were supplied by GibcoBRL Ltd.. Acetic acid, 
‘acetonitrile (HPLC grade), absolute ethanol (HPLC grade) and absolute methanol 
(HPLC grade) were supplied by Merck. Microscope slides and cover slides 
(24x24mm) were purchased from Shanghai Machinery Import and Export Company. 
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2.2 Sample preparation 
The V. sinensis seeds sample were extracted by two different extraction 
methods. Two extraction methods were methanolic extraction and acidic methanolic 
extraction (acidic extraction). 
2.2.1 Methanolic extraction method 
The V. sinensis seeds sample were grounded into power using mill (Philips, 
H R 2924) with blender (Philips, H R 2805). The seed powers were immediately 
mixed with absolute methanol in 1:5 (w/v) ratio. The extraction was carried out for 
12 hrs with continuously shaking (lOOrpm) at room temperature. And the methanolic 
extracts were filtered twice with Whatman filter papers (No. 1 and No. 2). The 
filtrates obtained were kept in an airtight and lightproof bottle, and stored at 4°C 
until the assay was performed (Przybylski et al., 1998). 
2.2.2 Acidic methanolic extraction (Acidic extraction) method 
The V. sinensis seeds sample were grounded into power using mill (Philips, 
HR. 2924) with blender (Philips, H R 2805). The seed powers were added to the 
acidic methanol (12N HChCHsOH, 10:90, v/v) in 1:50 (w/v) ratio. The mixture was 
immediately heated (55。C) at reflux for 4 hrs. The mixture was centrifuged at 
‘ 20，000g for 20 mins. The solvent in the supernatant was removed under vacuum at 
50°C with a rotary evaporator, and the residue was dissolved in 10 ml absolute 
ethanol. The extracts obtained were kept in an airtight and lightproof bottle. Then it 
was stored at 4°C until the assay was performed (Divi et al., 1997). 
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2.2.3 Optimization of extraction time 
In order to find out the optimal extraction time, a time course experiment 
was carried out. The amount of flavonoids in the extract was monitored 
spectrophotometrically (Milton Ray, Spectronic Genesys 5) by measuring absorbance 
at 260 nm. The greater the amount of flavonoid in the extract, the higher the 
absorbance reading. The extract was measured spectrophotometrically at 2 hrs 
interval during a 18 hrs extraction period. 
2.3 Standards preparation 
All the flavonoid standards and phenolic compounds were dissolved in 
absolute methanol and subsequently diluted in absolute methanol to the 
concentrations at 0.5 m M and 1 m M . All the flavonoid standards and phenolic 
compounds were freshly prepared and stored in airtight and lightproof test tubes at 
4°C until the assay was performed. 
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2.4 Characterization of flavonoid antioxidants in V. sineneis seed extracts 
The flaovnoid antioxidants in the V. sinensis acidic extracts were 
characterized by using the high performance liquid chromatography (HPLC). The 
characterization was achieved using reverse-phase HPLC (RP-HPLC). This was 
carried out using a Hewlwtt® Packard (HP) series 1100 liquid chromatography with 
a HP autosampler and a HP photodiode array detector. The separating column used 
was a Water SymmetryShield column (5 /xm, 2.1 x 150 m m ) with a sentry guard 
column (SymmetryShield, 5 fim, 3.9 x 20 mm). 
A 10 fjil sample (acidic V. sinensis extract and flavonoid standards) was 
injected into the analytical column for analysis. The mobile phase consisted of (A) 
water containing 0.25% acetic acid (v/v) and (B) acetonitrile containing 0.25% acetic 
acid (v/v), using linear gradients of 14-22% B (v/v) in 36 mins，followed by 52% B 
at 110 mins. The flow rate was 0.2 ml/min and the temperature of the column oven 
was 45°C • The eluted compounds were monitored at 260 nm (Lin et al., 2000). 
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2.5 Evaluation of antioxidant activity 
Antioxidant activities of V. sinensis seed extracts and the identified 
flaovnoid antioxidants were measured according to a modified protocol of the 
P-carotene bleaching method mention in Lee et al (1995). 5 mg (3-carotene was 
dissolved in 50 ml chloroform and this solution can be stored at 4°C for up to one 
month. 
In the assay, 3 ml |3-carotene chloroform solution was added to a round 
bottle together with 40 mg linoleic acid and 400 mg Tween 40. After removal of 
chloroform under vacuum at 40°C with a rotary evaporator, 100 ml oxygenated 
distilled water was added to the p-carotene emulsion and mixed well. 40 /xl testing 
sample and 3 ml oxygenated p-carotene emulsion were mixed and incubated in a 
water bath at 50°C. Oxidation of the emulsion was monitored spectrophotometrically 
(Milton Ray, Spectronic Genesys 5) by measuring absorbance at 470 run. Absorbance 
of the testing sample was taken before (t = 0) and after incubation for 30 minutes (t = 
30). ‘ 
All the testing samples were measured three times at two concentrations 
(0.5 and 1 mM). For the control, absolute methanol was used instead of the testing 
compounds, d- a -Tocopherol (tocophenol), L-ascorbic acid (ascorbic acid), BHA, 
BHT, caffeic acid and chlorogenic acid in absolute methanol were used as references. 
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The antioxidant activity was expressed as percentage inhibition on 
p-carotene bleaching relative to the control after incubation using the equation 
mention in Lee et al. (1995): 
[Ac(0)-Ac(30)] 一 [As(0) - As(30)] 
% inhibiton = x 100% 
[ A c (0) - A c (30)] 
Where Ac (o) is the absorbance of the control at t = 0 minute; 
Ac (30) is the absorbance of the control at t = 30 minutes; 
As (0) is the absorbance of the sample at t = 0 minute; 
As (30) is the absorbance of the sample at t = 30 minutes. 
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2.6 Determination of free radical scavenging ability 
Free radical scavenging ability of V. sinensis seed extracts and the 
identified flaovnoid antioxidants were assessed by using the 
a,a-diphenyl-[3-picrylhydrazyl (DPPH) radical scavenging method mention in 
Brand-Williams et al (1995). 0.1 ml testing sample was places in a cuvette and then 
mixed with 3.9 ml methanolic DPPH solution (6 x 10'^  M). The decrease in 
absorbance at 515 nm was measured continuously at 1 min interval with Milton Roy 
Spectrophotometer. The measurement lasted for 30 mins. 
In the control, 0.1 ml absolute methanol was used instead of testing sample. 
All the flavonoid standards were tested at two concentrations (0.5 and 1 m M ) for 
three times, d- a -tocopherol, L-ascorbic acid, BHA, BHT, caffeic acid and 
chlorogenic acid in absolute methanol were used as references. 
All the kinetics reactions of the testing samples were plotted. And the 
percentage inhibition on DPPH radical at the first 5 mins of the reaction was 
calculated based on the following equation: 
As (0) - As ⑴ 
- % inhibition = x 100 
As(0) 
Where Ac (o) is the absorbance of the sample at time = 0 minute; 
As (t) is the absorbance of the sample at time = 5 minutes. 
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2.7 Evaluation of the protective effects on DNA damage 
2.7.1 Preparation of reagents 
A. Dulbecco's phosphate buffered saline (PBS) (Mg2+，Ca^^ free): 135 m M NaCl, 
8.1 m M Na2HP04, 2.68 m M KCl, 1.47 m M K2PO4 at pH 7.4. After filter and 
sterilization, it was stored at room temperature until required. 
B. Lysis solution: 2.5 M NaCl, 100 m M EDTA-Naz, 10 m M Tris Base, and 1 % 
(w/v) sarkosyl at pH 10. It was freshly prepared once a week and store at room 
temperature. 1% (v/v) Triton X-100 and 10% (v/v) D M S O were added to the 
solution and was refrigerated for at least 1 hour before use. 
C. Electrophoresis buffer: 300mM NaOH, 1 m M EDTA, 1 % (w/v) 
8-hydroxyquinoline and 2 % (v/v) D M S O at pH 13. The solution was freshly 
prepared before each electrophoresis run. 
D. Neutralization buffer: 400 m M Tris base at pH 7.5. The solution was autoclaved 
at 121°C for 20 mins and then stored at room temperature until required. 
E. Staining solution: 20 |ig/ml ethidium bromide (EtBr) was dissolved in 
autoclaved water and then stored at 4°C until required. 
“F. Ethidium bromide-acridine orange (Et-Ac) solution: For the 50 mg ethidum 
bromide and 15 m g acridine orange were dissolved in 1 ml absolute ethanol and 
‘.then added to a total volume of 45 ml distilled water. 1 ml aliquots was stored at 
-20°C. For the working solution, 1 ml aliquots of stock solution was added into 
100 ml PBS and then stored at 4°C for up to one month. 
42 
Materials and Methods 
2.7.2 Blood sample 
In a heparin treated tube, 0.5 ml whole blood was collected from 7-8 weeks 
old ICR mice and then kept on ice until used. 
2.7.3 Hydrogen peroxide (H2O2) treatment 
Two different treatment systems namely, co-incubation system and 
pre-incubation system, were used in the study. -
2.7.3.1 Co-incubation system 
Ten jLtl blood cells were transferred to an eppendorf tube containing 0.5 ml 
appropriate concentration of hydrogen peroxide (H2O2) and 10 fil testing sample. 
After one hour incubation, the blood cells were pelleted at 2500g for 3 mins at 10°C. 
Then the supernatant was removed and the cells were washed twice with 0.4 ml 
ice-cold PBS. The cells were resuspended in 150 fxl PBS. For the viability 
“assessment, 50 fxl blood cells were drawn. 
2.7.3.2 Pre-incubation system 
Ten 111 blood cells were pre-treated with the testing sample under suitable 
conditions. After two hours incubation, the blood cells were pelleted by at 2500g for 
3 mins at 10°C, washed twice with 0.4 ml PBS and then challenged with 0.5 ml 
appropriate concentration of H2O2. At the end of the treatment, the cells were 
pelleted, washed and resuspended in 150 [d PBS. For the viability assessment, 50 fxl 
blood cells were drawn. 
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2.7.4 Establishment of optimal assay conditions 
2.7.4.1 H2O2 concentration 
To determine the optimal dosage of H2O2 that can induce significant D N A 
damage, various concentrations of H2O2 (ranged from 0 to 10 m M ) were incubated 
with the blood cells for 1 hr at 37°C. 
2.7.4.2 Sample volume 
To determine the optimal dosage of testing sample that can reduce the D N A 
damage significantly, different volumes of testing sample were added to the buffer 
containing blood cells with 1 m M H2O2 and incubated for 2 hrs at 37°C. 
2.7.4.3 Incubation time 
To determine the optimal incubation time with the testing sample that can 
reduce the D N A damage significantly, 10 jil blood cells together with 10 lA testing 
sample and 1 m M H2O2 were incubated at 37°C. And the incubation times ranged 
from 0 to 2 hrs. 
2.7.4.4 H2O2 treatment time 
To determine the optimal H2O2 treatment and time that can induce 
significant DNA damage, the blood cells were treated with 1 mM H2O2 at 37°C. And 
the treatment time ranged 30 mins. 
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2.7.5 Ethidium bromide-acridine orange (Et-Ac) cell viability determination 
Cell viability was determined by mixing the blood cells and Et-Ac in 1:1 
ratio (Mather & Roberts，1998). The mixture was added to the slide and covered with 
a coverslip. The slide was observed with a fluorescence microscope (Nikon, Eclipse 
E-600) using an excitation filter of 450 nm to 490 nm. Under the microscope, the 
dead cells were in fluorescence orange color and the live cells were in fluorescence 
green color. The live and dead cells were counted with a tally counter. The percent 
viability was calculated using the following equation: ‘ 
Live cell 
% Viability = x 100% 
Total cell counted 
2.7.6 Slide preparation 
To increase the adhesion of the gel layer, slides were pre-coated with 
“normal melting point (NMP) agarose (1% w/v in PBS) at 50°C. While the NMP 
agarose is hot，the slides were dipped up to one-half the frosted area. The agarose at 
the backside was gently removed and the slides were dried on a warm hot plate. 
2.7.7 Comet assay 
The protective effects of the V. sinensis seed extracts and the identified 
flavonoid antioxidants on the D N A damage of the blood cells were determined by the 
alkaline single cell gel electrophoresis (comet assay) method according to Anderson 
et al. (1994) with some modifications. 
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After the exposure to co-incubation and pre-incubation treatments, 100 |LI1 
of treated cells were mixed with 100 |al low melting-point (LMP) agarose (1.5 % 
w/v in PBS) at 37。C. 65 |LI1 of the mixture was rapidly pipetted onto an N M A 
pre-coated slide and spread using a coverslip (24 m m x 24 mm). The slides were 
transferred on to an ice bath in order to solidify the LMP agarose. After removing the 
coverslips by gently sliding away from the surface of the gel, the slides were 
immediately immersed in freshly prepared cold lysis solution and maintained at 4°C 
for at least 1 hr in the dark. For the control, slides must remain isolated during lysis 
to prevent unnecessary strands breaks occur. 
The slides were removed from lysis solution and rinsed twice with distilled 
water. Excess liquid was drained and the slides were placed side by side in a 
horizontal gel electrophoresis tank containing freshly prepared cold electrophoresis 
buffer. The agarose ends needed to be close to the anode and any bubbles over them 
must be avoided. The slides were left to stand for 20 mins at 4 °C to allow the 
unwinding of the D N A and expression of alkali labile damage before electrophoresis. 
The electrophoresis process was conducted at 4 °C for 20 mins using 25 V 
“and the current was adjusted to 300 m A by raising or lowering the buffer level. All 
processes must be performed under dimmed light to prevent the additional D N A 
damage. After electrophoresis was completed, the slides were carefully removed 
from the tank and treated with the neutralization buffer for 5 mins. After the 
neutralization step was repeated two more times, the slides were subsequently 
drained and dehydrated by immersion in absolute ethanol for 10 mins. Finally, the 
slides were stored in an airtight container until the scoring procedure was performed. 
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2.7.8 Quantification of DNA damage 
Before observation, the D N A of the slides was stained with 20 /xg/ml 
ethidium bromide for 5 mins at room temperature. 
The D N A damage was visualized at 200X magnification using a 
fluorescence microscope (Nikon, Eclipse E-600) with an excitation filter of 510 nm 
to 560 nm. Fifty cells per slides were selected at random and the extent of D N A 
migration in the cells was determined by using an image analysis system (Komet 3.1 
form Kinetics Imaging Ltd., Liverpool) linked to a C C D camera (Hitachi, KP-MIE/K 
monochrome C C D camera). 
For each cell, the olive tail moment was measured. The calculation was 
based on the following equation: 
‘ % D N A in Tail x Tail length 
Olive Tail Moment = 
100 
2.7.9 Statistical analysis 
‘ The tail moment of comet was used as the parameter of D N A damage. The 
data were presented as mean olive tail moment (M.O.T.M.). All standards were 
determined in triplicate and the results are presented as mean 土 standard derivation 
(SD). The variability between the control and the various treatments were 
investigated by one-way analysis of variance (ANOVA) test together with Tukey's 




Chapter 3 Results 
3.1 Comparison on the free radical scavenging abilities of two different 
V, sinensis seed extracts 
The V. sinensis seeds sample were extracted by two different methods, 
namely, methanolic extraction and acidic methanolic extraction (acidic extraction). 
The free radical scavenging abilities of different extracts were assayed to compare 
the efficiencies of these two methods. • 
3.1.1 Optimal extraction time of methanolic extraction method 
The amount of flavonoids in the extract was monitored 
spectrophotometrically by measuring absorbance at 260 nm. The higher the 
absorbance reading, the greater the amount of flavonoids in the extract. It was found 
that the absorbance increased proportionally during the first 12 hrs. Then it gradually 
became stable in the 18hr extraction period (Figure 3.1). Hence, the optimal 
“extraction time of methanolic extraction method was 12 hrs. 
3.1.2 Optimal extraction time of acidic methanolic extraction method 
The amount of flavonoids in the extract was monitored 
spectrophotometrically by measuring absorbance at 260 nm. It was found that the 
absorbance reading increased proportionally during the first 4 hrs. Then it gradually 
became stable in the 18hrs extraction period (Figure 3.1). Hence, the optimal 
extraction time of acidic methanolic extraction method was 4 hrs. 
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3.1.3 pH values of the two different V. sinensis seed extracts 
The pH value of the two different V. sinensis seed extracts was determined 
by using the pH meter. The methanolic V. sinensis seed extract had a pH value of 
7.21 土 0.18. The pH value of the acidic methanolic V. sinensis seed extract was 6.44 
士 0.27. 
3.1.4 Free radical scavenging abilities of the two different V. sinensis seed 
extracts 
In order to compare the efficiencies of the two extraction methods, the free 
radical scavenging abilities of methanolic and acidic V. sinensis seed extracts 
obtained from two different extraction methods were measured by using the DPPH 
radical scavenging method. The kinetics of the extracts on DPPH radical removal 
were displayed in Figure 3.2. The decreasing rate of the absorbance was an 
indication of the free radical scavenging ability. From the graph, the acidic extract 
showed the greatest abilities. The percentage inhibition of DPPH radical scavenging 
was calculated at t 二 5 min. The percentage inhibition of DPPH radical scavenging of 
the acidic extract was 87.25% 士 0.42. The percentage inhibition of DPPH radical 
scavenging of the methanolic extract was 48.75% 士 0.21 (Figure 3.3). Hence, the 




3.2 Determination of the stability of the V sinensis seed extracts 
3.2.1 Effect of storage on the free radical scavenging ability of methanolic V. 
sinensis seed extract 
The effect of storage on the free radical scavenging abilities of methanolic 
V. sinensis seed extract was determined by using the DPPH radical scavenging 
method. The kinetic behaviors of the samples at different storage time were plotted in 
Figure 3.4. In Figure 3.6, the percentage inhibition of DPPH radical scavenging at t = 
5 minutes was calculated. The freshly extracted methanolic V. sinensis seed sample 
showed the highest free radical scavenging ability and the percentage inhibition was 
48.75% 士 0.3. Then the free radical scavenging ability of the methanolic V. sinensis 
seed extract decreased to 25.28% 士 0.56 after the first month storage period. The free 
� 
radical scavenging ability of the methanolic V. sinensis seed extract decreased about 
48.14% after the first month storage period. The antioxidant activity of the sample 
remained steady after the first month storage period. Form the second to the twelfth 
months storage period, the free radical scavenging ability decreased about 11.87%. 
From the Figures 3.4 and 3.6，it was found that the free radical scavenging ability of 
the methanolic V. sinensis seed extract decreased after storage. The free radical 
scavenging ability was maintained about 45.7% after one-year storage period. 
3.2.2 Effect of storage on the free radical scavenging ability of acidic V 
sinensis seed extract 
The effect of storage on the free radical scavenging abilities of acidic V. 
sinensis seed extract was determined by using the DPPH radical scavenging method. 
The kinetic behaviors of the samples at different storage time were plotted in Figure 
3.5. In Figure 3.6，the percentage inhibition of DPPH® scavenging at t = 5 minutes 
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was calculated. The freshly extracted acidic V. sinensis seed sample showed the 
highest free radical scavenging abilities and the percentage inhibition was 86.04% 士 
0.5. Then the free radical scavenging ability of the acidic V. sinensis seed extract 
decreased to 55.32% 士 0.34 after the first month storage period. The free radical 
scavenging ability of the acidic V. sinensis seed extract decreased about 35.7% after 
the first month storage period. The sample reached the steady state after the first 
month storage period. Form the second to the twelfth months storage period, the free 
radical scavenging ability decreased about 13.25%. From the Figures 3.5 and 3.6，it 
was found that the free radical scavenging ability of the acidic V. sinensis seed 
extract decreased after storage. The free radical scavenging ability was maintained 
about 55.78% after one-year storage period. 
3 2.3 Effect of storage on the antioxidant activity of methanolic V. sinensis 
seed extract 
In Figure 3.7, the effect of heat incubation on the jS-carotene bleaching 
method was determined. It was found that the absorbance of /3-carotene emulsion 
with methanol was decreased in proportionally during the first 60 mins of heat 
incubation and then reached a steady state. Therefore, the optimal incubation time 
was chosen at time = 30 mins. 
The effect of storage on the antioxidant activity of methanolic V. sinensis 
seed extract was determined by using the /5-carotene bleaching method. The 
antioxidant activities of the methanolic seed extract at different storage period was 
expressed as the percentage inhibition on /5-carotene bleaching and illustrated in 
Figure 3.8. It was found that the freshly extracted sample had the highest antioxidant 
activity and the percentage inhibition on /5-carotene bleaching was 45.54% 士 3.33. 
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Then the antioxidant activity decreased to 27.32 土 2.19 after the first month storage. 
The antioxidant activity decreased 40% after the first month storage. The sample 
extract showed relatively stable inhibition during the second to the twelfth months 
storage. The antioxidant activity of the methanolic seed extract was maintained about 
48.29% after one-year storage period. 
3.2.4 Effect of storage on the antioxidant activity of acidic V. sinensis seed 
extract 
The effect of storage on the antioxidant activity of acidic V. sinensis seed 
extract was assayed by using the |8-carotene bleaching method. The antioxidant 
activities of the acidic seed extract at different storage period was expressed as the 
percentage inhibition on jS-carotene bleaching and illustrated in Figure 3.8. It was 
found that the freshly extracted sample has the highest antioxidant activity and the 
percentage inhibition on jS-carotene bleaching was 81.02% ± 3.68. Then the 
antioxidant activity decreased to 52.03% 士 1.77 after the first month storage. The 
antioxidant activity decreased 35.78% after the first month storage. The sample 
extract showed relatively stable inhibition during the second to the twelfth months 
storage. The antioxidant activity of the acidic seed extract was maintained about 
57.89% after one-year storage period. 
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3.3 Identification of the flavonoid antioxidants in the acidic V. sinensis seed 
extract 
Flavonoid antioxidants in the acidic V. sinensis seed extract were analysed 
by the high performance liquid chromatography (HPLC). More than forty 
commercial flavonoid standards commonly occurring in leguminous plants 
(Harbome, 1994; Lin et a l , 2000) were chromatographed to determine their retention 
times (Ir) for comparison with the chromatogram of the acidic V. sinensis seed 
extract. 
Figure 3.13 shows the chromatogram of the acidic V. sinensis seed extract 
was showed. Through HLPC comparative studies, fifteen flavonoids were identified 
in the acidic V sinensis seed extract. These included were daidzin, glycitin, genistin, 
hyperoside, isoquercitrin, apigenin-7-O-D-giucoside, ononion, glycietin, sissotrin, 
daidzein, quercetin, formononetin, apigenin, kaempferol and prunetin. The 
chromatograms of these fifteen identified flavonoid standards were showed in 
Figures 3.9，3.10，3.11 and 3.12. 
In order to determine the amount of the identified flavonoids in the acidic V. 
sinensis seed extract, two concentrations i.e., 0.1 m M and 1 m M , of the flavonoid 
standards were injected to the HLPC system to plot a calibration curve. The retention 
time (Ir), molecular mass and amount of the identified flavonoids in the acidic K 
sinensis seed extract were listed in Table 3.1. Among these fifteen identified 
flavonoids, the most abundant flavonoids in the seed extract were hyperoside, 
followed by kaempferol and apigenin-7-O-D glucoside. And the total amount of the 
fifteen identified flavonoids is 2.026 m g per gram seeds. The empirical formulas and 
the classification of these fifteen flavonoids were listed in Table 3.2. 
53 
Results 
3.4 Evaluation of free radical scavenging abilities of identified flavonoids using 
the DPPH radical scavenging method 
The free radical scavenging abilities of the identified flavonoids were 
determined using the DPPH radical scavenging method. Six commonly used 
phenolic compounds including, BHA，BHT, caffeic acid, chlorogenic acid, ascorbic 
acid and tocophenol, were also assayed for comparison purpose. The kinetic 
behaviors of the phenolic compounds and the identified flavonoids at two different 
concentrations i.e.，0.5 m M and 1 m M were plotted in Figures 3.14 and 3.15 
respectively. The decreasing in absorbance was an indication of the free radical 
scavenging ability. The kinetic behaviors of the tested compounds at 0.5 m M and 1 
m M showed the similar decreasing absorbance trend. The tested compounds 
exhibited higher free radical scavenging rate at higher concentration. 
Figure 3.16 shows the percentage inhibition of DPPH* scavenging at 0.5 
m M and 1 m M . At both 0.5 m M and 1 m M concentrations, the highest percentage 
inhibition was found to be quercetrin, while the followings were hyperoside, 
isoquercetrin and chlorogenic acid. The percentage-mhibitionr-&f^hese—three  
identified flavonoids were much higher than that of the six commonly used phenolic 
compounds. The free radical scavenging abilities increased when the concentration 
increased. The highest percentage inhibition in the fifteen identified flavonoids was 
quercetrin (92.97% 土 0.43 at 0.5 m M ; 94.7% 士 0,95 at 1 mM). The highest 
percentage inhibition in the six commonly used phenolic compounds was 
chlorogenic acid (61.09% 士 0.16 at 0.5 m M ; 89.64% 土 0.34 at 1 mM). In decreasing 
order of free radical scavenging ability of the identified flavonoids and the phenolic 
compounds was quercetin〉hyperoside〉isoquercetrin〉chlorogenic acid> 
kaempferol〉caffeic acid〉ascorbic acid> tocophenol〉BHA〉BHT> pmnetin〉 
apigenin〉formononetin〉apigenin-7-0-D-glucoside> glycitin> sissotrin〉daidzin> 
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genistin〉daidzein〉ononion> glycitein. The percentage inhibition of DPPH radical 
scavenging of identified flavonoids and phenolic compounds at 0.5 m M and 1 m M 
were listed in Table 3.3 and 3.4 respectively. 
55 
- Results 
3.5 Evaluation of antioxidant activities of the identified flavonoids using the 
/?-carotene bleaching assay 
The antioxidant activities of fifteen identified flavonoids and six 
commonly used phenolic compounds, BHA，BHT, caffeic acid, chlorogenic acid, 
ascorbic acid and tocophenol, were determined by using the f carotene bleaching' 
assay. The antioxidant activity was expressed in the percentage inhibition of 
/^ -carotene bleaching. A higher percentage inhibition represented a higher antioxidant 
activity of the compound. The percentage inhibition of the identified flavonoids and 
the phenolic compounds at 0.5 m M and 1 m M were shown in Figure 3.17. 
The antioxidant activities increased when the concentration increased. The 
highest percentage inhibition in the fifteen identified flavonoids was quercetrin 
(70.11% 士 1.85 at 0.5 m M ; 87.21% 士 1.54 at 1 mM). The highest percentage 
inhibition in the six commonly used phenolic compounds was B H T (89.95% 士 0.47 
at 0.5 m M ; 95.59% 土 1.27 at 1 mM). In decreasing order of antioxidant activities of 
the identified flavonoids and the phenolic compounds at both 0.5 m M and 1 m M 
concentration was BHT> B H A > tocophenol〉quercetin〉kaempferol> isoquercetrin> 
hyperosidO caffeic acid> chlorogenic acid〉formononetin> pmnetin〉apigenin〉 
daidzein〉genistin> a p i g e n i n - 7-O-D glucosidO glycitein〉ononion〉sissortin〉 
•glycitin> daidzin〉ascorbic acid. The percentage inhibition of j8-carotene bleaching 
of identified flavonoids and phenolic compounds at 0.5 m M and 1 m M were listed in 
Table 3.3 and 3.4 respectively. 
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3.6 Evaluation of protective effects on DNA damage using the Comet assay 
Protective effects of the V. sinensis seed extracts and the identified 
flavonoids in the extracts on the H202-mediated D N A damage were determined by 
using the single cell gel electrophoresis assay (Comet assay). Figure 3.18 showed the 
comet image. The undamaged D N A was recognized as a fluorescent core. While the 
presence of strand breaks induced the D N A to migrate during the electrophoresis, a 
tail was formed and was recognized as a comet tail. The bigger and more fluorescent 
is the tail, the greater is the D N A damage induced. All the assays were in triplicates. 
The Mean Olive Tail Moment (M.O.T.M.) was used as the parameter to determine 
the degree of D N A damage. The greater the M.O.T.M indicated the greater D N A 
damage induced 
The cell viability was measured immediately after the sample treatment 
and the cell viability in all the tests were exceeding 92%. 
3.6.1 Optimal comet assay conditions 
3.6.1.1 Hydrogen peroxide (H2O2) concentration 
The blood cells were challenged by various concentration of H2O2 at 37°C 
incubation. Figure 3.19 illustrated that the increased of tail moment was resulted by 
the increase in H2O2 concentration. Treatment with H2O2 induced a significant 
increase in D N A damage at concentration of 1 m M and above. Therefore, 1 m M 




3.6.1.2 Sample volume 
Different volumes of methanolic V. sinensis seed extract were tested for the 
protective effects on D N A damage (Figure 3.20). Among the tested volumes, seed 
extract of 10 [il expressed a statistically significant inhibitory effect on 
H202-mediated D N A damage. Whereas other volumes did not diminished the 
damage caused by H2O2. Moreover, for sample volume above 40 fi\ promote the 
D N A damage. As a result, 10 [il of seed extract was used for this assay. 
3.6.1.3 Incubation time with the seed extract in the co-incubation system 
The tail moment of blood cells, after incubated with H2O2 and methanolic 
V. sinensis seed extract for different times were shown in Figure 3.21. For less than 2 
hrs incubation, the longer the incubation time gave the greater the protection of seed 
extract on DNA. The results showed that the seed extract has statistically significant 
protective effects on D N A from H202-mediated D N A damage after Ihr incubation. 
Hence, Ihr incubation with seed extract was chosen as the optimal incubation time in 
the co-incubation system of the assay. 
3.6.1.4 H2O2 treatment time 
The effect of H2O2 treatment time on endogenous cellular D N A damage on 
the blood cells was illustrated in Figure 3.22. Under the challenging with 1 m M H2O2 
at 37°C, the statistically significant D N A damage of the cells was detected after 10 
mins treatment. Therefore, the optimal treatment time with H2O2 in the 
pre-incubation system of the assay was 10 mins. 
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3.6.1.5 Incubation time with the seed extract in the pre-incubation system 
In general, the longer the incubation time with the methanolic V. sinensis 
seed extract, the lesser the extent of D N A damage was detected (Figure 3.23). The 
results showed that the seed extract has statistically significant protective effects on 
D N A from H202-mediated D N A damage after 2 hrs incubation. Hence, 2 hrs 
incubation was chosen as the optimal incubation time in the pre-incubation system of 
the assay. 
3.6.2 Protective effects of the K sinensis seed extracts and selected phenolic 
compounds 
3.6.2.1 Protective effects in Pre-incubation system 
The protective effects of the methanolic and acidic V. sinensis seed extracts 
and six commonly used phenolic compounds, BHA, BHT, caffeic acid, chlorogenic 
acid, ascorbic acid and tocophenol in the pre-incubation system were assayed. In 
Figure 3.24，the result showed that both methanolic and acidic extracts have 
statistically significant protective effects on D N A from H202-mediated D N A damage. 
Methanolic extract showed similar protective effects as BHA, BHT, caffeic acid and 
ascorbic acid at 1 m M concentration in the pre-incubation system. There was 
statistically significant difference (p<0.05) between the negative control and the 
treatment with the acidic extract in the pre-incubation system. However, chlorogenic 
acid and tocophenol at 1 m M concentration did not show the protective effects as 
they showed no statistically significant difference (p<0.05) between the effects of the 
positive control in the pre-incubation system. 
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3.6.2.2 Protective effects in Co-incubation system 
The protective effects of the methanolic and acidic V. sinensis seed extracts 
and six commonly used phenolic compounds, BHA, BHT, caffeic acid, chlorogenic 
acid, ascorbic acid and tocophenol in the co-incubation system were assayed. The 
results were similar as in the co-incubation system. Figure 3.25，the result showed 
that both methanolic and acidic extracts have statistically significant protective 
effects on D N A from H202-mediated D N A damage. Methanolic extract showed 
similar protective effects as BHA, BHT, caffeic acid and ascorbic acid at 1 m M 
concentration in the co-incubation system. Acidic extract showed significant 
protective effects as there was no statistically significant difference (p<0.05) between 
the negative control and the treatment with the acidic extract in the co-incubation 
system. However, chlorogenic acid and tocophenol at 1 m M concentration did not 
show the protective effects as they showed no statistically significant difference 
(p<0.05) between the effects of the positive control in the co-incubation system. 
3.6.3 Protective effects of the identified flavonoids in acidic V. sinensis seed 
extracts and selected phenolic compounds 
3.6.3.1 Protective effects in Pre-incubation system 
3.6.3.1.1 At 0.5 mM concentration 
Figure 3.26 illustrated the protective effects of fifteen identified flavonoids 
and phenolic compounds at 0.5 m M concentration in the pre-incubation system. 
Quercetin, apigenin and kaempferol at 0.5 m M showed significant protective effects 
on D N A from HzC^-mediated D N A damage. There was no statistically significant 
difference (p<0.05) between the negative control and the treatment with quercetin, 
apigenin and kaempferol at 0.5 m M in the pre-incubation system. Except chlorogenic 
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acid, tocophenol, genistin, glycitein and daidzein, all the other identified flaovnoids 
and phenolic compounds showed significant protective effects on D N A from 
H202-mediated D N A damage and showed statistically significant difference (p<0.05) 
with the positive control in the pre-incubation system. The M.O.T.M. of the 
identified flavonoids and phenolic compounds at 0.5 m M in the pre-incubation 
system were listed in Table 3.3. 
3.6.3.1.2 At 1 mM concentration 
Figure 3.28 illustrated the protective effects of fifteen identified flaovnoids 
and phenolic compounds at 1 m M concentration in the pre-incubation system. 
Quercetin and kaempferol at 1 m M showed significant protective effects on D N A 
from H202-mediated D N A damage. There was no statistically significant difference 
(p<0.05) between the negative control and the treatment with quercetin and 
kaempferol at 1 m M in the pre-incubation system. Except chlorogenic acid, 
tocophenol, genistin, glycitein and daidzein, all the other identified flavonoids and 
phenolic compounds showed significant protective effects on D N A from 
H202-mediated D N A damage and showed statistically significant difference (p<0.05) 
with the positive control in the pre-incubation system. The M.O.T.M. of the 
identified flavonoids and phenolic compounds at 1 m M in the pre-incubation system 
were listed in Table 3.4. 
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3 53.2 Protective effects in Co-incubation system 
3.6.3.2.1 At 0.5 mM concentration 
Figure 3.27 illustrated the protective effects of fifteen identified flaovnoids 
and phenolic compounds at 0.5 m M concentration in the co-incubation system. 
Quercetin and kaempferol at 0.5 m M showed significant protective effects on D N A 
from HzOz-mediated D N A damage. There was no statistically significant difference 
(p<0.05) between the negative control and the treatment with quercetin and 
kaempferol at 0.5 m M in the co-incubation system. Except chlorogenic acid, 
tocophenol, genistin, glycitein and daidzein, all the other identified flaovnoids and 
phenolic compounds showed significant protective effects on D N A from 
HzCVmediated D N A damage and showed statistically significant difference (p<0.05) 
with the positive control in the co-incubation system. The M.O.T.M. of the identified 
flavonoids and phenolic compounds at 0.5 m M in the co-incubation system were 
listed in Table 3.3. 
3.6.3.2.2 At 1 mM concentration 
Figure 3.29 illustrated the protective effects of fifteen identified flaovnoids 
and phenolic compounds at 1 m M concentration in the co-incubation system. 
Quercetin and kaempferol at 1 m M showed significant protective effects on D N A 
from H202-mediated D N A damage. There was no statistically significant difference 
(p<0.05) between the negative control and the treatment with quercetin and 
kaempferol at 1 m M in the co-incubation system. Except chlorogenic acid, 
tocophenol, genistin, glycitein and daidzein, all the other identified flaovnoids and 
phenolic compounds showed significant protective effects on D N A from 
H202-mediated D N A damage and showed statistically significant difference (p<0.05) 
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with the positive control in the co-incubation system. The M.O.T.M. of the identified 
flavonoids and phenolic compounds at 1 m M in the co-incubation system were listed 
in Table 3.4. 
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Figure 3.11 HPLC chromatograms of selected flavonoid standards at 1 mM. 
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Table 3.1 Retention time (tR)，molecular mass and amount of the identified 
flavonoids in the acidic methanolic V. sinensis seed extract. 
Flavonoids Retention Molecular mass Amount  
time (tR) (Da) (mg I g seed) 
(1) Daidzin 14.035 416.37 0.147 
(2) Glycitin 16.098 446.41 0.087 
(3) Genistin 25.212 432.38 0.144 
(4) Hyperoside 26.712 464.39 0.479 . 
(5) Isoquercetrin 28.729 464.38 0.161 
(6) Apigenin-7-O-D glucoside 30.632 432.57 0.190 
(7) Ononion 31.717 430.41 0.052 
(8) Glycitein 48.622 284.27 0.031 
(9) Sissotrin 49.315 446.40 0.020 
(10) Daidzein 51.926 254.25 0.025 
(11) Quercetin 64.246 338.30 0.099 
(12) Formononetin 70.410 268.27 0.139 
(13) Apigenin 72.023 270.25 0.133 
(14) Kaempferol 76.406 286.24 0.268 
(15) Prunetin 80.702 284.24 0.051 
Total amount of 15 flavonoids: - - 2.026 
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Table 3.2 Empirical formula and the classification of the flavonoid standards. 
Flavonoids Empirical formula Classification 
(1) Daidzin Glucosyl-7-daidzein Isoflavonoid 
(2) Glycitin 7,4'-Dihydroxy-6-methoxyisoflavone Isoflavonoid 
-7-D-glucoside 
(3) Genistin Glucosyl-7-genistein Isoflavonoid 
(4) Hyperoside Quercetin-3-galactoside Flavonol 
(5) Isoquercetrin Quercetin-3-glucoside Flavonol 
(6) Apigenin-7-O-D Apigenin-7-glucoside Flavone 
glucoside 
(7) Ononion Formononetin-7-O-glucoside Isoflavonoid 
(8) Glycitein 7-4'-Dihydroxy-6-methoxyisoflavone Isoflavonoid 
(9) Sissotrin Biochanin A-7-glucoside Isoflavonoid 
(10) Daidzein 4',7-Dihydroxyisoflavone Isoflavonoid 
(11) Quercetin 3,5,7,3' ,4' -Pentahydroxyflavone Flavonol 
(12) Formononetin 7-hydroxy-4，-Methoxyisoflavone Isoflavonoid 
(13) Apigenin 5,7,4'-Trihydroxyflaovne Flavone 
(14) Kaempferol 3,5,7,4'-Tetrahydroxyflavone Flavonol 
(15) Prunetin 5,4‘-Dihydroxy-7-methoxyisoflavone Isoflavonoid 
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Table 3.3 The classification and structure of the flavonoid standards. 
Classification Flavonoids Structure 
Isoflavonoid: Daidzin I , I 
° 认 。 H 
Glycitin I 乂 I 
Genistin I , I 
y v v i 
OH ° 认 。 H 
Ononion I , I 
° 认 。 C H , 
Glycitein I I 
Sissotrin giuo^^ts^o 
I 1 H 
OH ° ^ O C H . 
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Figure 3.14 The kinetic behaviors of selected phenolic compounds and the 
identified flavonoids at 0.5mM on DPPH* scavenging. Only one set of 
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Figure 3.17 Antioxidant activities of selected phenolic compounds and 







Figure 3.18 Examples of comet images, (a) Undamaged D N A of the mice blood 
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.Figure 3.20 Effects of methanolic V sinensis seed extract on H202-mediated 
DNA damage in mouse blood cells. Values are represented as means 土 SD of 50 
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Figure 3.21 Effects of incubation time of the methanolic V sinensis seed 
extract on HzCh-mediated DNA damage in mouse blood cells in the 
• co-incubation system. Values are represented as means 士 SD of 50 treated cells. 
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Figure 3.24 Protective effects of V. sinensis seed extracts and selected phenolic 
compounds on DNA damage in mouse blood cells in the pre-incubation system. 
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Figure 3.25 Protective effects of V. sinensis seed extracts and phenolic 
compounds on DNA damage in mouse blood cells in the co-incubation system. 
Values are represented as means 士 SD of 50 treated cells, ab。Values with the same 
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Figure 3.26 Protective effects of the identified flavonoids and selected phenolic 
compounds at 0.5 mM concentration on DNA damage in mouse blood cells in 
the pre-incubation system. Values are represented as means 士 SD of 50 treated cells, 
abc Values with the same alphabet are having no significant difference (p<0.05). 
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Figure 3.28 Protective effects of the identified flavonoids and selected phenolic 
compounds at 1 mM concentration on DNA damage in mouse blood cells in the 
pre-incubation system. Values are represented as means 士 SD of 50 treated cells, ab。 
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Figure 3.29 Protective effects of the identified flavonoids and selected phenolic 
compounds at 1 mM concentration on DNA damage in mouse blood cells in the 
co-incubation system. Values are represented as means 士 SD of 50 treated cells, abc 
Values with the same alphabet are having no significant difference (p<0.05). 
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Table 3.4 The antioxidant activities and the protective effects on DNA damage of 
the identified flavonoids and the phenolic compounds at 0.5 mM. 
Flavonoids i % Inhibition i % Inhibition 丨 DNA damage 
i of DPPH* i of p-carotene i (Mean Olive Tail Moment)* 
i scavenging * \ bleaching * |(Pre-incubation)丨(Co-incubation) 
‘ ‘ I I   • I ‘ I I I  ‘ I I 
B H A 丨 15.07 丨 86.31 丨 8.30 丨 5.55 
BHT i 5.00 丨 89.95 丨 8.13 | 5.79 
Caffeic acid \ 41.73 | 30.38 ： 8.21 ： 5.54 
Chlorogenic | 61.09 i 24.11 | 10.69 | 8.07 
acid 丨 i 丨 i • 
Ascorbic acid j 24.83 i -50.77 ： 7.95 ： 5.22 
Tocophenol | 23.21 | 85.69 i 10.11 1 7.58 
Daidzin ： 2.10 ： -4.13 ； 8.68 i 6.12 
Glycitin i 2.43 | 0.83 | 7.97 | 6.05 
Genistin i 1.99 i 2.42 ； 10.61 I 7.54 
Hyperoside | 71.83 | 48.03 : 7.16 j 5.46 
Isoquercetrin i 70.14 i 63.13 i 6.53 i 6.43 
Apigenin-7-O-D 丨 2.56 | 2.32 \ 6.55 i 6.15 
glucoside ； ； i : 
Ononion i 1.64 i 1.38 i 7.03 i 5.33 
Glycitein | 0.66 | 1.77 | 9.77 i 8.05 
Sissotrin i 2.43 i 1.06 | 6.58 : 5.42 
Daidzein | 1.72 | 2.52 | 10.07 ： 8.16 
Quercetin i 92.97 丨 70.11 丨 3.51 丨 2.90 
Formononetin ； 2.67 i 10.53 ： 6.43 i 4.20 
Apigenin ; 2.95 丨 6.79 丨 3.96 i 4.66 
Kaempferol ： 45.78 i 68.04 i 3.83 i 3.13 
Prunetin \ 3.16 | 8.59 : 7.56 | 5.23 
•Results are means 土 SD of triplicate measurements. 
98 
- Results 
Table 3.5 The antioxidant activities and the protective effects on DNA damage of 
the identified flavonoids and the phenolic compounds at 1 mM. 
Flavonoids ： % Inhibition i % Inhibition ； DNA damage 
i of DPPH* : of P-carotene : (Mean Olive Tail Moment)* 
i scavenging * 丨 bleaching * 丨(Pre-incubation)丨(Co-incubation) 
B H A 丨 27.25 丨 90.75 ： 6.21 丨 4.53 
BHT i 8.99 丨 95.59 丨 6.29 丨 4.77 
Caffeic acid | 86.47 ： 36.60 ： 5.17 | 1.95 
Chlorogenic | 89.64 | 30.17 | 9.71 | 7.17 
acid i i 丨 丨 • 
Ascorbic acid j 55.28 i -58.64 i 6.09 i 4.46 
Tocophenol | 43.21 : 90.37 | 10.13 : 8.57 
Daidzin i 4.49 i -6.72 丨 6.70 丨 4.57 
Glycitin | 5.61 i 1.26 j 7.79 ： 4.27 
Genistin i 4.33 i 3.56 | 4.54 ; 7.10 
Hyperoside | 94.43 ： 66.71 ： 6.00 : 4.41 
Isoquercetrin i 93.81 | 72.40 | 5.47 ： 4.62 
Apigenin-7-O-Di 5.72 i 3.28 ： 6.40 | 5.10 
glucoside | i 丨 i 
Ononion 丨 2.13 丨 2.75 丨 6.18 丨 4.62 
Glycitein i 1.16 i 3.01 \ 10.05 | 7.85 
Sissotrin | 5.54 | 1.85 j 6.47 ； 5.28 
Daidzein i 3.39 i 6.08 | 9.18 丨 7.27 
Quercetin ： 94.70 j 87.21 ： 3.42 ： 2.42 
Formononetin i 2.83 i 15.37 ； 3.82 丨 3.04 
Apigenin 丨 4.62 i 9.86 ； 5.78 ： 4.45 
Kaempferol | 90.84 | 75.98 | 3.46 j 2.75 
Prunetin \ 6.61 i 11.76 i 5.18 i 4.41 
•Results are means 土 SD of triplicate measurements. 
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Chapter 4 Discussion 
4.1 Comparison on the two different extraction methods for V. sinensis seed 
flavonoids 
4.1.1 Methanolic extraction and acidic methanolic extraction 
In this research, flaovnoids in V. sinensis seeds were extracted by two 
different extraction methods, namely, methanolic extraction and acidic methanolic 
extraction. Both methods used methanol as the major solvent in extracting flavonoids. 
While acidic methanolic extraction included 10% hydrochloroic acid in the solvent. 
Methanol is commonly used as an effective solvent in extracting 
phytochemicals. Many studies found that methanol is a suitable solvent for extraction 
of antioxidants. For example, the methanol extract of buckwheat seed showed a 
greater DPPH radical scavenging ability when compared to other solvents such as 
hexane, ethyl acetate, acetone and others. These methanolic extracts were rich in 
phenolic acids and flavonoids (Przybylski et a l , 1998). 
In Divi et al. (1997) studies, hydrochloroic acid was added to methanol as 
the effective solvent used to characterize flavonoids in the soybean. Hence, this 
research compared the effectiveness of the two methods in extracting flavonoids 
from V. sinensis seeds. 
4.1.2 Free radical scavenging abilities of the two different V. sinensis seed 
extracts 
In order to compare the efficiencies of the two extraction methods, the free 
radical scavenging abilities of the methanolic and acidic methanolic V. sinensis seed 
extract were determined (Figure 3.3). The free radical scavenging ability of 
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methanolic extracts was only 55.87% of that of acidic methanolic extract. The acidic 
methanolic extraction was more effective in extracting primary antioxidants that 
interrupt the free radical chain reaction by donating electrons or hydrogen to the free 
radicals. This may be due to the presence of hydrochloric acid that solubilizes the 
dried tissues to release cellular components more readily. Therefore, a higher 
efficiency in extracting the flavonoids from Vigna sinensis seeds was using achieved 
the acidic methanolic extraction method. 
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4.2 Stabilities of the two different K sinensis seed extracts 
Antioxidant activities can be easily affected by both the properties of 
antioxidants and the assay method employed. For example, in the f carotene 
bleaching assay, the reaction was carried out in an emulsion. Lipophilic compounds 
have higher antioxidant activities than the hydrophilic ones, as they can react more 
readily with the lipid in the emulsion. Since the physical property of an antioxidant 
may affect its antioxidant activities under different assay conditions. Hence, the 
effects of storage on the antioxidant activity of the two different V. sinensis seed 
extracts were assayed by using two different methods, the DPPH radical scavenging 
assay (in hydrophilic assay) and the /3-carotene bleaching method (lipophilic assay). 
4.2.1 Change in antioxidant activity during storage 
Both the methanolic and acidic methanolic V sinensis seed extracts, in both 
hydrophilic assay and lipophilic assay showed a significant decrease in the 
antioxidant activities after the first month of storage and their activities then 
remained stable (Figures3.6 and 3.8). The great drop in the antioxidant activity 
during the first month of storage may be due to the oxidation of antioxidants with 
‘ oxygen scavenging activity. Although the extract was kept in an airtight container, 
the container has considerable amount of oxygen. The oxygen scavengers such as 
ascorbic acid in the seed extracts may first react with the oxygen in the first month of 
storage. This leads to a decrease in the total antioxidant activity of the extract 
assayed subsequently. After the first month of storage, those oxygen scavengers in 
the seed extracts are consumed and the "stable" antioxidants attribute to the 
remaining antioxidant activity observed. 
In both DPPH radical scavenging assay (a hydrophilic assay) and 
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iS-carotene bleaching assay (a lipophilic assay), the methanolic extract showed a 
lower stability during storage. This may be due to different antioxidants composition 
present in the acidic methanolic and methanolic extracts. Some antioxidants in the 
methanolic extract may react with oxygen more readily than that in the acidic 
methanolic extract. Therefore, the methanolic extract showed a lower stability during 
storage (Figures 3.6 and 3.8). 
4.2.2 Comparison on the stabilities of the extracts assayed under different 
conditions 
Antioxidant activities of methanolic extract and acidic extracts were more 
stable when assayed by the jS-carotene bleaching method than that assayed by the 
DPPH radical scavenging method. Both extracts maintained a higher antioxidant 
activity after one-year storage period in the /3-carotene bleaching assay (a lipophilic 
assay) than that in the DPPH radical scavenging assay (a hydrophilic assay) (Figure 
3.6 and 3.8). This results show that both extracts tended to maintain their activities to 
inhibit lipid per-oxidant in an emulsion system. This agrees with the long-term study, 
in which navy bean hull extract protected the oil from oxidation for several months 
‘ (Onyeneho & Hettiarachchy, 1991). However, in the hydrophilic system, the 
antioxidant activities of both methanolic extract and acidic extracts were less stable 
in terms of the free radical scavenging abilities. This may due to the loss of minor 
amount of vitamin-related antioxidants, such as ascorbic acid and a-tocophenol, 
during the storage. It is known that these kinds of antioxidants are free radical 
inhibitors (Figure 3.16). 
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4.3 Identification of flavonoid antioxidants in the acidic methanolic 
V. sinensis seed extract 
As the acidic methanolic V. sinensis seed extract showed higher antioxidant 
activity in both hydrophilic assay (DPPH* scavenging assay) and lipophilic assay 
(jS-carotene bleaching assay) than that of the methanolic extract (Figures 3.6 and 3.8). 
Therefore, this acidic extract was subject to RC-HPLC analysis. Through RC-HLPC 
studies with flavonoid standards, fifteen flavonoids belonging to three flavonoid 
classes were identified in the acidic V sinensis seed extract (Figures 3.9，3.10，3.11 
and 3.12). Nine identified flavonoids were isoflavones. These included daidzin, 
glycitin, genistin, ononion, glycitein, sissotrin, daidzein, formononetin and prunetin. 
Four identified flavonoids were favonols. These included hyperoside, isoquercetrin, 
quercetin and kaempferol. The remaining two were flavones including 
apigenin-7-O-D glucoside and apigenin (Table 3.2). The results showed that the 
majority of the identified flavonoids in the V. sinensis seed extracts were 
isoflavonoids. This is in agreement with previous studies reporting that isoflavones 
are found predominantly in legumes (Cody et a l , 1986; Harbome, 1975). As V. 
" sinensis is legume. It is not unexpected that most of the identified flavonoids are in 
the isoflavonoid class. In addition to isoflavones, flavonols can be easily found in the 
‘ legumes (Cody et al., 1986). In V. sinensis seeds, the flavonol class is in the second 
major flavonoid class. The Flavonoids present in V. sinensis seeds exist in both 
glycosides (with sugar moieties) and aglycones (without sugar moieties) forms. 
Similar results on flavonoid composition in legumes were reported. 
Among the fifteen identified flavonoids, the most abundant three were 
hyperoside followed by kaempferol and apigenin-7-O-D glucoside. According to 
with Hertog et al. study (1992), the amount of kaempferol in the acidic V. sinensis 
seed extract (0.268 mg/ g dry weight) was similar to that found in the leek (0.295 
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mg/ g dry weight) and endive (0.271 mg/ g dry weight). And the amount of 
kaempferol in the acidic V. sinensis seed extract was significantly higher than that in 
the cranberry, onion, lettuce and celery (<0.02 mg/ g dry weight). However, the 
amount of quercetin in the acidic V. sinensis seed extract (0.268 mg/ g dry weight) 
was less than that found in the cranberry (1.485 mg/ g dry weight) and onion (5.076 
mg/ g dry weight). But it was close to the amount found in the lettuce (0.319 mg/ g 
dry weight) and much more than that found in leek (<0.02 mg/ g dry weight), endive 
(<0.10 mg/ g dry weight) and celery (<0.10 mg/ g dry weight). Although flavonoids 
occur ubiquitously in plants, results show that different vegetables and fruits would 
have different composition of flavonoids. 
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4.4 Antioxidant activities of the individual identified flavonoid antioxidants 
The antioxidant activities of fifteen identified flavonoid antioxidants and 
six selected phenolic compounds at two concentrations (0.5 m M and 1 m M ) were 
determined using both the DPPH radical scavenging assay and the 0-carotene 
bleaching assay in the lipophilic system. Six selected phenolic compounds were used 
for comparative purpose. B H A and BHT are the synthetic antioxidants widely used 
as food antioxidants and showed strong antioxidant activities in many studies 
(Camire & Dougherty，1998; Iverson，1999). Ascorbic acid (vitamin C) and 
a-tocophenol (vitamin E) are the natural antioxidants and have been investigated 
intensively for their activities (Duthie et al.’ 1996; Tsao, 1997). Chlorogenic acid 
(Kono et al., 1997) and caffeic acid (Chen & Ho，1997) are free radical scavengers 
and iron chelators. 
For these phenolic compounds, the number and position of the substitution 
group can affect their antioxidant activities. These substitutions increase the steric 
hindrance in the region of the radical and therefore decrease the rate of propagation 
reaction, this eventually affect the antioxidant activities. However, the presence of 
bulky substitution can decrease the reaction rate of the phenol of these factors. Hence, 
the antioxidant activities depend on both of these factors. 
4.4.1 Antioxidant activities of the identified flavonoid antioxidants and the 
selected phenolic compounds in hydrophilic assay system 
The antioxidant activities of fifteen identified flavonoid antioxidants and 
six phenolic compounds at two concentrations (0.5 m M and 1 m M ) were determined 
using the DPPH radical scavenging method, which is a hydrophilic assay system. 
The antioxidant activity is in terms of free radical scavenging ability. In decreasing 
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order the free radical scavenging ability of these compounds are listed in decreasing 
order as follows: quercetin〉hyperoside〉isoquercetrin〉chlorogenic acid〉 
kaempferol〉caffeic acid〉ascorbic add〉tocophenol〉BHA〉BHT〉prunetin〉 
apigenin〉formononetin〉apigenin-7-0-D-glucoside> glycitin〉sissotrin〉daidzin〉 
genistin〉daidzein〉ononion〉glycitein (Figure 3.16). Husain et al. (1987) reported 
that the inhibition ability of hydroxyl radical increases with the number of hydroxyl 
group substituted in the aromatic B-ring of flavonoids. The presence of a hydroxyl 
and its glycosylation does not further increase scavenging efficiency. Moreover, the 
presence of a carbonyl function at C-4 position accounts for the activity. Hence, 
quercetin showed the highest free radical scavenging ability in the assay. 
4.4.2 Antioxidant activities of the identified flavonoid antioxidants and the 
selected phenolic compounds in lipophilic assay system 
The antioxidant activities of fifteen identified flavonoid antioxidants and 
six phenolic compounds at two concentrations (0.5 m M and 1 m M ) were determined 
using the jS-carotene bleaching method, which is a lipophilic assay system. The 
antioxidant activity was expressed in the percentage inhibition of /3-carotene 
bleaching. A higher percentage inhibition represents a higher antioxidant activity of 
the compound. The decreasing order of antioxidant activities of these compounds at 
both concentrations is BHT〉BHA〉tocophenol〉quercetin〉kaempferol〉 
isoquercetrin〉hyperoside〉caffeic acid〉chlorogenic acid〉formononetin〉 
prunetin〉apigenin〉daidzein〉genistin〉apigenin-7-O-D glucoside〉glycitein〉 
ononion〉sissortin〉glycitin〉daidzin〉ascorbic acid (Figure 3.17). In comparison 
with the hydrophilic assays, the results were quite different. Instead of quercetin, 
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BHT showed the highest antioxidant activity in this assay. 
In the /3-carotene bleaching assay (lipophilic assay), both B H A and BHT 
showed strong antioxidant activities when compared with the identified flavonoids. It 
is know that B H A and BHT are phenolic antioxidant, which can react with lipid 
radicals to convert them into more stable products. The strong electron donating 
effect of the methoxy substitution is an important contributor to the effectiveness of 
B H A as an antioxidant. And the bulky groups in the 2, 6 position of BHT would 
increase the stability of the resulting phenol radicals. Therefore both of these 
synthetic compounds showed strong activities. As the same, the hydroxylation in 
caffeic acid and chlorogenic acid are responsible for the hydrogen donation and 
stabilize the resulting phenol radical. a-Tocophenol is a lipophilic antioxidant, which 
reacted readily with the lipid radical, so it had showed stronger activity in the 
lipophilic assay than in the hydrophilic assays (Figure 3.16 and 3.17). 
In the jS-carotene bleaching assay (lipophilic assay), ascorbic acid and 
daidzin did not protect the bleaching of/3-carotene and showed the pro-oxidant effect. 
Ascorbic acid is a hydrophilic compound that may not express the antioxidant 
activity in the emulsion system (Frankel et al., 1994). In addition, pro-oxidant 
occurred when ascorbic acid was mixed with the emulsion. It is because ascorbic 
acid degradation took place when it was heated in an aqueous solution. Those 
degraded products were believed to have destructive effects, such as the induction of 
lipid oxidation (Tsao，1997). 
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4.5 Evaluation of protective effects on DNA damage using the Comet assay 
Comet assay was used to determine the D N A damage in individual cells. In 
the assay, different degrees of D N A damage can be measured depending on the type 
of cell, the type of damage inducer, the concentration of the cell and the treatment 
system used. Moreover, different procedures can affect the extent of D N A migration 
during the electrophoresis. Hence, the optimal condition of the assay is needed to 
establish before the investigation of the protective effects of the tested compounds. 
4.5.1 Optimal conditions in Comet assay 
4.5.1.1 Effect of H2O2 concentration 
Hydrogen peroxide is chosen to act as D N A damage inducer as it is well 
known that hydroxyl radical (OH*) is responsible for a large part of cellular D N A 
damage. The OH* can be generated from the H2O2 through the Fenton-type reaction 
(Dizdaroglu et al., 1991) and ionizing radiation (Halliwell & Gutteridge, 1989a; b). 
Hence, H2O2 is chosen to act as the D N A damage inducer. It is reported that human 
whole blood cells had no response with the H2O2 at a dosage up to 480 /xM. Since the 
catalase and serum constitutes, which present in the whole blood could remove H2O2 
(Anderson et a l , 1994). A similar result was found in this study. The blood cell had 
• no significant damage when the concentration of H2O2 was lower than 1 m M (Figure 
3.19). ： 
4.5.1.2 Effect of sample volume 
It is supposed that the increase of seed extract might express greater 
protection on D N A from damage, as more antioxidants were present in the extract. 
However, the solvent used for the extraction was methanol. Methanol is known as a 
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toxic solvent to the mammalian cells by destroying the cell membrane (Wakelyn & 
Adair, 1997). Therefore, the higher the concentration of methanol used in the test, the 
greater the extent of the D N A damage was observed (Figure 3.20). It was found that 
ten 111 of methanol did not cause significant damage to the cell and this volume of 
tested compound was used in subsequent comet assay. 
4.5.1.3 Effect of H2O2 treatment time 
H2O2 causes D N A damage very rapidly. In general, five minutes was 
sufficient to cause D N A damage (Norozi et al, 1998; Riso et al.’ 1999). Similar 
results were shown in Figure 3.22. It was found ten mins was sufficient to cause the 
maximum D N A damage. Therefore, ten mins treatment time was chosen to induce 
the D N A damage in the pre-incubation system. 
4.5.1.4 Pre-incubation and Co-incubation systems 
In the comet assay, two different incubation systems, namely, 
pre-incubation and co-incubation system, were employed. In the co-incubation 
system, the flavonoid antioxidant was believed to scavenge the OH* that generated 
from the H2O2 in the extracellular environment. However, in the pre-incubation 
‘• system, the flavonoid antioxidant was believed to penetrate into the cells and protect 
the D N A from H202-mediated D N A damage. Therefore, the co-incubation system 
was used to determine the protective effect occurred in the medium while the 
pre-incubation system focused on the protective effect occurred within the cell. 
In these two systems, the optimal incubation times were different. In the 
co-incubation system, 1 hr was enough for the antioxidant to scavenge the OH* 
generated from the H2O2 in the medium (Figure 3.21). However, in the 
pre-incubation system, 2 hrs was required for the tested compound to penetrate into 
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the cells and protect the D N A from HzCVmediated D N A damage (Figure 3.23). This 
may due to the fact that a longer time is need for the test compounds to migrate into 
the nucleus. 
4.5.2 Protective effects of two different V. sinensis seed extracts 
The protective effects of methanolic and acidic methanolic V .sinensis seed 
extracts on D N A from HaCh-mediated D N A damage were studied in both 
pre-incubation and co-incubation system using the comet assay. Like the DPPH 
radical scavenging assay and /3-carotene bleaching assay, six selected phenolic 
compounds, a -tocopherol, ascorbic acid, BHA, BHT, caffeic acid and chlorogenic 
acid, at 1 m M concentration were used to compare the protective effects with the 
seed extracts. In both systems, two seed extracts and the phenolic compounds 
showed similar protective effects on the D N A (Figure 3.24 and 3.25) and this 
indicated that the flavonoid antioxidants in the seed extracts could function either 
extracellularlly and / or intracellularlly. It is because there are different kinds of 
antioxidants present in the V. sinensis seed extracts and they protect the D N A from 
H202-mediated D N A damage through different mechanisms. 
‘ The overall protective effects of V. sinensis seed extracts and phenolic 
compounds in the co-incubation system were greater than that in the pre-incubation 
system. This indicated that the V. sinensis seed extracts and phenolic compounds 
were more efficient in scavenging OH* and destroy the damage of H2O2 in 
extracellular environment. 
Ascorbic acid is an important antioxidant in extracellular fluid as well as it 
has many intracellular functions. Many studies have been done to determine the 
protective effect of ascorbic acid in the comet assay. Some studies found that 
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ascorbic acid can effectively remove the harmful effect of H2O2 and protect the cells 
from D N A damage (Norrozi et al., 1998). In Figure 3.24 and 3.25’ both methanolic 
and acidic V. sinensis seed extracts showed similar protective effects as 1 m M 
ascorbic acid in both pre-incubation and co-incubation systems. . 
4.5.3 Protective effects of the identified flavonoid antioxidants 
The protective effects of fifteen identified flavonoid antioxidants from the 
acidic V. sinensis seed extracts on D N A from H202-mediated D N A damage were 
studied in both pre-incubation and co-incubation system using the comet assay. Like 
the DPPH radical scavenging assay and jS-carotene bleaching assay, six selected 
phenolic compounds, a -tocopherol, ascorbic acid, BHA, BHT, caffeic acid and 
chlorogenic acid, at 0.5 m M and 1 m M concentrations were used to compare the 
protective effects with the flavonoids. In both systems, the identified flavonoid 
antioxidants and the phenolic compounds at 0.5 m M and 1 m M concentrations 
showed similar protective effects on the D N A (Figure 3.26 and 3.27; Figure 3.28 and 
3.29) and this indicated that the identified flavonoid antioxidants in the acidic seed 
extracts could function either extracellularlly and / or intracellularlly. They can 
‘.protect the D N A from HzOs-mediated D N A damage through different mechanisms. 
The development and growth of many cancer cells are due to free radicals damage on 
the DNA. Hence, the identified flavonoid antioxidants in the acidic seed extracts 
have potential anti-carcinogenic properties as they are efficient in protect the D N A 
from damage. 
The overall protective effects of the identified flavonoid antioxidants and 
phenolic compounds in the co-incubation system were greater than that in the 
pre-incubation system. This indicated that these compounds were more efficient in 
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scavenging OH* and destroy the damage of H2O2 in extracellular environment. In 
both co-incubation and pre-incubation systems, the protective effects on D N A of 
these compounds at 1 m M concentration were greater than that at 0.5 m M 
concentration. This may due to more antioxidants were present so they can scavenge 
more OH* and destroy the damage of H2O2. 
4.6 Health beneficial properties of V, sinensis seeds 
The acidic methanolic V. sinensis seed extract had protective effects in the 
H202-mediated D N A damage (Figures 3.24 and 3.25). Many in vitro and in vivo 
studies show that flavonoids inhibit various stages in the cancer process (Wattenberg, 
1992). Flavonoids inhibit the carcinogenic process by various mechanisms, e.g., by 
detoxifying the carcinogens or by scavenging the free radicals generated in the 
carcinogenic process (Vatsis et al” 1980; Havsteen, 1983; Weisburger, 1999). 
Quercetin is used efficiently in treating different diseases such as inflammation, 
diabetes mellitus, allergy, headache, cancer, virus infection, common cold, chemical 
oncogenesis, bee sting, oral surgery and stomach/duodenal ulcer (Havsteen, 1983). 
K sinensis seeds are rich in flavonoids. At least fifteen flavonoids have 
been identified in the seed extract. Both the total seed extract and the individual 
‘.identified flavonoids showed D N A protection effects in comet assay studies (Figures 
3.24-3.29). This may attribute to the seed's potential health-beneficial properties such 
as anti-cancer property, in addition to its high nutritive value. Our findings support 
World Health Organization's recommendation to induce pulses, nuts and seeds in our 




Chapter 5 Conclusion 
The antioxidant activity of V. sinensis seeds was investigated by two 
different extraction methods, namely, methanolic extraction and acidic methanolic 
extraction (acidic extraction). In order to compare the efficiencies of these methods, 
the free radical scavenging activities of different extracts were measured using the 
DPPH radical scavenging method. The results showed that the acidic extract has a 
higher free radical scavenging activity than that of the methanolic extract. Moreover, 
the effects of storage on the free radical scavenging abilities and the antioxidant 
activity of methanolic and acidic V. sinensis seed extract were assayed by using the 
DPPH radical scavenging method and the jS-carotene bleaching method. In both 
assay methods, the results showed that the acidic V. sinensis seed extract was more 
stable as it maintained higher activity after the one-year storage period when 
compared with the methanolic V. sinensis seed extract. 
The flavonoid antioxidants in the acidic K sinensis seed extract were 
analyzed by RC-HPLC. Through RC-HLPC comparative studies with the standards 
fifteen flavonoids were identified. They were daidzin, glycitin, genistin, hyperoside, 
isoquercitrin, apigenin-7-O-D-glucoside, ononion, glycietin, sissotrin, daidzein, 
‘.quercetin, formononetin, apigenin, kaempferol and prunetin. 
The free radical scavenging activities and antioxidant activities of these 
identified flavonoids were then assayed. The results showed that four flavonoid 
antioxidants, i.e., quercetin, isoquercetin, kaempferol and hyperoside in the V. 
sinensis seed extract showed a high free radical scavenging activities and antioxidant 
activities when compare to the six common antioxidants including, BHA, BHT, 
caffeic acid, chlorogenic acid, ascorbic acid and tocophenol. 
The effects of seed extracts on the D N A damage were investigated using 
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the comet assay. It found that both methanolic and acidic V. sinensis seed extract 
significantly decreased (p < 0.05) the H202-mediated D N A damage in the mouse 
blood cells. The protective effects were found in both co-incubation and 
pre-incubation system. It is suggested that the cells could take up the antioxidants in 
the extracts. They remained stable within the cells and were able to remove OH® 
generated by the H2O2 and thus exhibited the D N A protection effect observed. 
Further investigation on the effects of individual identified flavonoid 
antioxidants in the K sinensis seed extract on the D N A damage were carried out. It 
was found that except, genistin, glycitein and daidzein, all the other twelve identified 
flavonoids (daidzin, hyperoside, isoquercitrin, apigenin-7-O-D-glucoside, ononion, 
glycietin, sissotrin, quercetin, formononetin, apigenin, kaempferol and prunetin) 
present in the seed significantly decreased the HzOz-mediated D N A damage in the 
mouse blood cells. The protective effects were found in both co-incubation and 
pre-incubation system. It is suggested that these flavonoid antioxidants could enter 
the cells. They remained stable within the cells and were able to remove OH* 
generated by the H2O2 and thus exhibited the D N A protection effect observed. 
“ Vigna sinensis seed is a good source of the dietary flavonoid antioxidants. 
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